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Fig.10.132:Palaemon; Female repro-
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Male Reproductive System

The male reproductive system consists of
a pair of festes, a pair of vasa deferentia, a
pair of seminal vesicles and a pair of male

genital apertures.
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A long coiled tube callcd vasdeg,,,
. e from the posterior end of cache.. |
becomes much coiled. The vas deferens |
into a seminal vesicle. The seminal .
opens to the outside by a male genital g
ture at the base of the 5 walking leg
Life Cycle
11 breeds during May. Junc |
ts sperms near the female ¢
female releases egg Fo
/. The female carries the

Palaemo
The male depos!
tal aperture. The
zation is externd
1 the abdominal legs.

The development is direct. There !
Jarval stage. The eggs hatch into young prz
The young prawns moult several timesar
come adults.

3. Cockroach
(Periplaneta americana)

Phvlum Arthropoda
Class Insecta
Order Orthoptera

Cockroaches are widely distr!
throughout the world except the polar =
There are nearly 3000 species of cock™
The common Indian species are Perip!
americana and Blatta orientalis.

Cockroaches are house - hold p&s=
are found under stones, damp leaves. €
also inhabit kitchen, sewage channel.!
rants, godowns, store rooms. ships. frutt
trains, etc. They are active and noc™
mals, hiding in holes and crevices 17¢
emerge at night in search of food.
usually found in place where there 1SV
and food.

The body 1s flat hroad and hil
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Fig.10.134: Periplaneta americana.

«olour. The body is covered by chitinous ex-
sskeleton, the cuticle.

The body consists of four distinct regions,
namely the head, neck, thorax and the abdo-
men.

The head is triangular or pear-shaped. It
is formed by the fusion of six segments.

The head contains mouth, mouthparts
apair of antenna, a pair of compound eyes.
Thehead is enclosed in a head capsule.

On either side of the head there is a large
sessile compound eye. A pair of long mov-
‘ble, many jointed antennae are found in
?;2:101}‘@ eyes. They are organs of touch and
i tthe bas; of each antenna there is a

: mo“rtl:?d whitish area known as fenestra.
cad ltlils is present at the lower end of the

surrounded by mouth-parts.

Moy eatlslorax is composed of three segments
me’“’horaxp{:thorax’ mesothorax and
S forme o.f ¢ exoskeleton of each segment
" a dorsal plate called tergum or
Mum, Ventral plate known as the ster-

a es . .
tach Side © Wo are jointed by a cuticle on
Crmed thes w7.oe. . - B

The terga of the three segments are known
as pronotum, mesonotum and metanotum
respectively. The pronotum is the largest and it
projects forwards to conceal the neck.

Each thoracic segment bears a pair of five
jointed legs which are used in walking and
running. The thorax has two pairs of spiracles,
openings of the tracheal system. They are
present in the mesothorax and metathorax
one pair each.

The mesothorax and metathorax have
each a pair of wings. The wings of the cock-
roach are expansions of the cuticle supported
by a network of chitinous ridges called
nervures Or veins.

The anterior or fore wings are narrow,
brownish and opaque and it is leathery in tex-
ture. They form a protective covering for the
hind wings at rest. So they are known as
wing covers or tegmina. They are not useful
in flight.

The hind wings are thin, membranous,
transparent, broad and used in flight. They are
kept folded as a fan when the animal is at rest.
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ment has a dor
pum, connecte
called pleuron. The

sal tergunt an
d at the sides by so
first seven segments are
ghthand ninth segments are

lapped by the seventh.

The tergum of the tenth sengQt is divided
into two lobes by a notch at its hmd end. It
bears a pair of small palp-like jointed proc-
csses the anal cerci. They arise from the ster-
num. They are formed of 15 joints. They are
tapering.

In the male cockroach, the 9" segment
bears a pair of anal styles. They arise from
the sternum. They are unjointed. They are
present only in the male.

The tergum of the eleventh segment is
represented by a plate called epiproct. The
sternum of the eleventh segment is represented
by a p0dical plate or paraproct, lying on ei-
ther side of the anus.

The anus lies beneath the tenth tergum
and between the podical plates.

The genital opening is present below
the anus and is surrounded by chitinous proc-

esses known as gonapophyses. Gona-
pophyses are chitinous processes arising from
the sternum of 9th segments. They surround

the genital aperture and funct;
| nction as ex
genital organs. e

The abdomen hag 8
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Fig.10.135: Abdomen of Cockroach
Head Capsule
The head is covered by an exoskelaw
called head capsule.

Frons
Gena
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,} exX0s ske
i [t consists of six chitinous plates

_ The top of back of the head i1s
o §€ {bya pair of eptcramal plates joined
Jtbyan y -shaped epicranial suture.

part lying below the epicramal
mangular plate called the frons.
P the frons 1s @ broad rectangular plate
Below 45 clypeus. The two sides of the eye
k¥ n«ered by two plates termed cheeks or
gonae lying below the eyes. Hinged on to the

(lypeus is a movable plate called labrum. It
gverhangs the mouth as an upper lip.
Legs
Cockroach has 3 pairs of legs. They are
present in the thorax. Each thoracic segment
bears a pair of legs. Each leg 1s formed of 5
segments, & pair of claws and a pulvillus.
The § segments are the following:
|. The coxa by which the leg 1s articu-
ated with the thorax.
2. A small triangular trochanter,
3. A stout femur, which 1s the strongest
partof the leg,
4. A slender and long tibia; the tibia bears
stoutbristles, the tibial spurs,

Jates 15 8

feco'

Fig.

10.137. Cockroach; a leg.

Jeton of thc. hud 15 known as

S$M)5

S. The tarsus 1s composed of five mon
able segments. The terminal segment of tarsus
is called pretarsus. It bears a pair of claws and
a spongy pad called pudvillus. Fine bnstles are
present in the pulvillus. The pads help to have
firm grip on the smooth and slippery surtaces

Body Wall

The body wall consists of three distinct
layers. the cuticle, the epidermis and the
basement membrane.

The cuticle is formed of three layers 1.
an outer thin epicuticle of waxy nature 2. a
middle thicker pigmented exocuticle and an
inner much thicker endocuticle of soft lami-
nated chitin.

The epidermis has a single layer of co-
lumnar cells which secrete the cuticle. Der-
mal glands and oenocytes are present in the
epidermus.

The basement membrane is thin and it lim-
its the body internally.

The body wall has many outgrowths, like
the immovable spine and hair-like movable setae.

The body wall forms the protective cov-
ering for the internal organs. It checks the loss
of water by evaporation. It provides a surface
for attachment of muscles. Outgrowths of the
cuticle act as sensory, feeding, filtering, copu-
latory and locomotory organs.

Body Cavity
The true coelom is reduced and 1s repre-
sented by the cavities of reproductive organs.

" The body cavity is filled with blood and is called

the haemocoel. 1t is an expansion of the blood
vascular system.

Loose tissues known as the far bodies
or corpora adiposa are found in the body cav-
ity. They store fat, proteins and glycogens.
Some of the fat body cells store the nitrogenous
waste materials in the form of uric acid. Still
others have symbiotic micro-organisms.



Chap. 10 ARTHROPODA
Digestive System
It includes the mouth-parts, alime
canal and associated glands.

Mouth-parts
The appendages found around the mouth

are called the mouth-parts. In cockroach, the

mouthpart is of the chewing or mandibulate
of the labrum, the

type. Mouth-parts consists
mandible, the first maxillae, the second
maxillae and the hypopharynx.

Labrum: It is the upper lip. It lies in
front of the mouth. |

Mandibles: The mandibles have teeth
like denticles on their inner edge. The two
mandibles serve to cut and masticate the food.
The mandibles move from side to side.

First maxillae: They are present on the
sides of the mouth just behind the mandibles.
Each maxilla is biramous and consists of three

ntary

parts, the basal protopodite, the inner

endopodite and the outer exopodite.
The protopodite is made up of a cardo
and a stipes.

Maxillary palp

Galea

N | (% Sub-mend

. ST Rasrom|

i g
Cardo ]

522 Mentum

41

From the outer side of the -,“p;f‘ vy
five-jointed palp. the maxillary pqy, r
base of the palp1s small structure C'aili.‘,f o
palpiger. From the 1nner side of th \‘ ‘,_'
arise tWo processes, the outer galeq dnu

I

inner lacinia.
The maxillae serve to hold the food

the claws of lacinia and bring it to the mandiy,
for mastication. They are also used for lean.
ing the antennal palps and front legs. ‘
Labium: Labium is the lower lip, | 1
also called second maxillae. 1t lies behing
the maxillae. It consists of three par
submentum, mentum and prementum,
The pre-mentum bears a ligula and a pa
of labial palps. Each half of ligula consists of
an inner glossa and an outer paraglossa.
The labial palp is 3 jointed. It is presen!
on a small projection known as palpiger.
The palps bear bristles and act as a sense
organs. The glossae and paraglossae help in
pushing the masticated food into the preord
cavity.

al palp

Labi
% _Paraglossa

Cockroach; Mouth-parts.
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phary nx: Itis the tongue located
H"pgugcal cavity. A salivary ductopens

c'hc e of the hypopharynx.
Allmentary Canal
s of three regions, the fore-gut
. daeum, (¢ mid-gut or mesenteron
o Wh nd-gui Or proc todaeum. The fore-
1 n’vd gut are ectodermal, lined wiath cu-

(I

i
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11 cONSIM

ere as the midgut 15 endodermal,
¢acuicular hining.
hnrc‘;u' It 1s composed ot the pre-oral
. mouth. pharynx, oesophagus, crop
0 --.ml |he pre-oral cavity 1s bounded
¢ labrum, postenorly by the la-
and On L-.lch side by a mandible and a
Inside the cavity the hypopharynx s
1o mouth hies on the root of the
,‘3'-5!}
outh leads mto a tubular pharynx,
Jlowed by a slender, narrow
ophagus. 1texpands into a large sac called
,.rup. [t extends up 1o the first two seg-

P abdomaen

Oesophagus

(nizzard

Hepatic caeca
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Dae . s chittious mner hin-
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each teeth is a ring shaped cushion, the
pulvillus. 1t consists of long backwardly di-
rected bristles. The teeth serve to grind the
tood while the bristles act as a strainer, allow-
ing only the well crushed food to pass on. The
end of gizzard projects into the mid-gut in the
form of a funnel-like narrow tube the stomo-
deal valve, which prevents the passage of food
from the mid gut to the g1zzard.

Midgut: Itis a short narrow tube lined
with glandular endodermal cells. From the an-
terior end of the midgut arises scven or eight
blind tubular outgrowths called hepatic caeca.
They project into the haemocoel.

(nzzard

rHe *patic caccurn
Fig 10140 Hepatic caeca.

Hind gut:
namely a deum, colon and a rectum.

It is formed of three parts,

The rectum opens by the anus lying
posteriorly below the tenth tergum.

At the junction of the midgut and hindgut
there are 60 to 70, fine, yellow thread-hke
processes called Malpighian tubules. They
are excretory n functon.

Digestive Glands

Salivary apparatus: Cockroach has a
salivary apparatus. 1t 1s located on the sides
of oesophagus [teonsists of two pairs of salr-
vary glands ind a pair o salivary receptacles.

[he ducts of the two glands ot aside nmte
o o salivary gland duct, which rons for
wards and joins a similar duct from the oth

We 1o form a common salivary gland duct.
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Common salivary and =
receptacular duct

Commonsalivary
gland duct

Receptacular duct ——

" Salivary gland

Fig.10.141: Salivary apparatus.

Similarly the ducts of the two receptacles
unite into a common receptacular duct. The
common salivary duct joins with the common
receptacular duct to form a common salivary
and receptacular duct. 1t opens on the hy-
popharynx.

The salivary glands secrete a fluid called
saliva.

Feeding and Digestion

The cockroach is omnivorous feeding on
any kind of materials like animal or plant mate-
rials, bits of papers, leather, bread, cloth, etc.
The food is located by the antennae and palps.
Itis masticated with the mandible. The laciniae,
galeae of maxillae and glossae and paraglossae
of the labium hold the food during the act of
crushing. The labium and labrum prevent the
loss of food from the Jaws.

The food is mixed w

| ith saliva, poured
Into the preoral cavj

I cavity by the common salivary
gahva contains an enzyme called

Next the food

: passes to the rizza
In the g1zzard, the fo g1zzard.

od is masticated by the

cuticular teeth and is then filtereq by 1.
bristles. /
The secretion of the hepatic caec, .
tains proteolytic and lipolytic enzyme. - .
digest proteins and lipids respectivel,

. The digested food s absorbed in the 1
gutand in the caeca. The rectum removes ix
excess amount of water and the undigested i
is egested through the anus as dry pellets. S
of the absorbed food is stored as reserve in
form of fat, glycogen, etc. in the fat bod -
ing in the haemocoel.

Blood Vascular System
Itisof open type. 1t consists of the hest
the aorta, haemocoel and the blood.
Heart

The heart is a long tube. 1115 ‘f”’"ﬂf
tile. Itextends along the mid dOT'va]‘;"‘r'c'
heart is surrounded by a pericar dm’,”'u;
pericardium encloses a pericardial Sﬂ’:’ ,: ¢

The pericardium is perforated and ,, |
are valvular allowing the blood t0 ﬂol
pericardial sinus, but not in the re‘ﬁ&, gn
tion. There are triangular muscles CX@; k
tween the pericardium and the hmﬁsz‘ff
These muscles are known as alary™



2. Chewing and Lapp;,

[t is found 1n bees, wasps, e, | )

fied for collecting nectar apg Dol Ur’
from flowers. It has the follow, g ff‘atu; a
. The mandibles are smgy s
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Fig.10.292: ¢ hewing and lappig'
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Chap-} parﬂ'glossae are greatly reduced.

e united and elongated to form the
(1055 oyl which terminates distally in a
retracnle ogo p or labellum. Labial palps are
hgﬂey S
eloﬂgi‘;;iie feeding, the galeae and labial palps

uohtclose together forming a hollow tube
i ycanbe inserted deeply mtg the corolla of
Jhic ler The centre of the tube is occupied by

O\;los'sae moving backward and forward to
thelict the pollen and to suck the nectar.

3, Piercing and Sucking Type

The piercing and sucking type of mouth
s S used to puncture and suck the sap of
plants and blood of animals. Eg. Mosquito,
hugstC.

There are two kinds of piercing and suck-
ingmouth parts. They are 1. Dipterous mouth
parts and 2. Hemipterous mouth parts.

1. Dipterous Mouth parts

. Itis found in mosquitoes.

2. Labium forms an elongated, fleshy and
mid-dorsally grooved hollow protective tube
called proboscis. '

3. The labrum is fused with the epiphar-
ymxto form labrum-epipharynx. |

4. The labrum-epipharynx, the mandibles,

the maxillae and the hypopharynx are elon-
Head—%:

col

Mandible

H)'pophar Probpscis
0 (Labium)
—— Maxilla
[N Labellum

Dipterous - Mosquito

. 49

gated to form sjx needle-like structyres

stylets. They are used for piercing
2. Hemipterous Mouth parts
I Ttis found in bugs.

called

2. The labium forms a three Jointe
trum,

( ros-

3. The stylets arc only four in numbers,
two mandibles and two maxillue.

4. The maxillary palps and labial palps are
absent.

4. Sponging Type

This type is found in housefly. 1t is modi-
fied for sucking liquid food. It has the fo)-
lowing features:

1. Mandibles are absent.

2. Maxillary palp is made of a single
piece.

3. The labium is modified to form a pro-
boscis.

The proboscis consists of three regions,
namely a proximal rostrum, a middle
haustellum and a distal labellum. The ros-
trum is cone-like and it bears maxillary palps.
The haustellum has a mid-dorsal groove called
labial groove and a ventral heart-shaped plate
called theca. The labial groove functions as a
food passage from the mouth to the pharynx.

-Mandible

——Maxilla

Hemipterous - bug

M Fig.10.293: Piercing and sucking type.
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Ihe ovary occupies the same position

the testis in the male, Tt dark m colourn |l.w
adults. From the ovary arises Inng oviduc I
Ihe oviduct opens mto a small spherical semi-
nal receptacle. 1t leads mto an cnlm‘gul
uterus. 1t s continued o a vagina, \‘Jvlnch
opens into the mantle cavity 1In‘nugh’(hc IL‘I\\(l!L‘
genital aperture. The hypobranchial gland 1s
poorly developed in the female.
Fertilization and Development

By means of copulation, the sperms are

introduced into the seminal receptacles ol

the female. Fertilization is internal and more
than 200 eggs are produced at a time. The
cges are laid on safe places and the young
ones resemble the adult in form. Hence de-
velopment is direct.

2. Lamellidens

Phylum Mollusca
Class Pelecypoda (Bivalvia)
Order Eulamellibranchiata

Lamellidens marginalis is commonly
called freshwater mussel. It has a bilater-
ally symmetrical soft body covered by the
mantle and shell. Hence it is included in the
phylum Mollusca. The shell is formed of two
pieces and the foot is wedge shaped. Hence it
s included in the class Bivalvia or Pelecypoda.

It1s a freshwater animal. It lives in ponds,
rivers, streams, lakes, etc. It lives partly buried
in mud. In this position, the posterior part is
exposed above the mud. The animal is omnivo-

rous. It feeds by the filter-feeding method.

The frgshwater mussel is laterally com-
pressed. It is elongated and oval in shape. It
has anterior, pos

. terior, dorsal, ventral and
lateral sides.

‘ The anterior end is broad and
the posterior

end is narrow. The lateral sides
arc flattened.

The soft body is covered by a shell. The
shell is formed of two pieces called valyes, The

there are two small markings. One m

shell s bilaterally symmetrey) Ity

oval m shape. The antenor e br,
; ad,
'lN.' ’Wh |
are free ventrally, but they are Movably
. . J 1O "
together along their dorsal edge , - "™

clastic band called hinge ligamen;,

lon,
"kﬂ.'(
the posterior end 1s narrow,

\ V2P
Jd “)“,";

1 hl-l |
\ )L};
mentserves to open and close the valves v
" . A [

the hinge hgament the valves are articulageg ;
deq b,

the teeth and socket system, :

Hinge ligamen,

[ixhalent siphon

W by Al
/ W/ : / '

Inhalent
siphon

Lines of growth f *
Foot
Fig. 11.55: Lamellidens.

Near the anterior side of the hinge ligs-
ment, there is a white elevation called umbo.
Itis the oldest part of the shell. There are many
concentric lines around umbo. These lines are
called lines of growth. They are parallel to

the ventral margin of the shell.

The inner surface of the shell has many
impressions. Along the ventral edge, there
is an impression called pallial line. 115
marked by the attachment of the mapt]e. to
the shell. At the anterior end of the pall}al llnf
there is a large marking called anterio’ a'or
ductor impression produced by the anterl

. is marking
adductor muscle. By the side of this ‘Zgn gis

) ression
dorsal called anterior retractor imp

o
and the second marking is ventral Ca"i‘:;’:or
rior protractor impression. Atthe gjmpfes'
end of the pallial line, there15 2 1§rg ressio™
sion called posterior adductor ™P"°
Near this there is a small scar calle
retractor impression.
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« ngereous layer @ This is the inner-

rated from cach other by thin

Lovercomposed of many thin alternate
u: \ ot calcium carbonate and conchiolin.

dqun layers are arranged parallel to the
oo The nacreous layer 1s also called
e mother of pearl layer™.

[he body 1s soft and 1s enclosed by the
wrd shell. The body consists of the mantle,
aoseera and the foor. 1t has no head.

The softbody 1s covered by a skin called
sande. [01s formed of two halves called mantle
e The two lobes are fused together dor-

1 Burthey are free ventrally and anteriorly.

2
Mo

v, the two mantle lobes are closely as-
“ewitheach other to form two tubes. These
v called inhalent siphon and exhal-
“phon. Water enters the body through the

" “iphon and comes out through the ex-
~* Siphon_

\“ ar nf ik .

. .uz 0f posterior. ,
TR0t N ol v
AClor muscle N7

S .‘ /,/‘/' .:Q:) ~

'ff” 0l posterior [\ )\
dductar TN —

LOT )]]th'c O

U R

Pallial line —

.

I'he cavity enclosed by the mantle is called

mantle cavity This cavity communicates 1o the

exterior by the mhalent and exhalent siphons. The

mantle cavity contains a pai of ctenidia and
(wo pars ol labial palps.

The viscera includes all the internal or
pans like the gut, the digestive glands, the cir
culatory system, the nervous system and
the gonads, cte.

The foot 1s wedge-shaped. Intcrnally
the foot contains the intestine, the digestive
gland and the gonads. The foot is used for
burrowing.

Musculature

The two shell valves are operated by two
large muscles called anterior and posterior
adductor muscles. The two adductor muscles
pass across the body between the two shell
valves. The shell-valves open, when the ad-
ductor muscles relax. When they contract, the
valves close.

Near the adductor muscles there are two
smaller muscles. They are the anterior and

posterior retractor muscles. These muscles
run from the foot to the shell. They serve to
withdraw the foot.

Close behind the anterior adductor
muscle there is a small protractor muscle,
which serves to compress the visceral mass,

causing the protrusion of the foot. It also
serves in the backward movement of the

retractor muscle
-Scar of anterior
adductor muscle

— Scar of pro-
tractor muscle

['.[U 4 . .
21156: Freshwater mussel-Inner view of a shell valve.
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_———— Pencardium
_ —— Auncle

Ventnele
Rectum
Kidney

Supra branchial
chamber

Quter gill lamina
Mantle

lnner gl lanuna ——

Mantle cavity

Fig 11.57: T.S. of Freshwater mussel: T.S through foor.
Respiration Each gill isa "W shaped structure Froon

Lamellidens is aquatic in habit. Hence it sists of two plate like structures called laminge
exhibits aguatic respiration or gill respira- One lamina is situated on the mmer side caled
ren. There are two types of aquatjc resp'un- inner lamina and the other 1s situzied ¢ e
uon. Thev are outer side called outer lamina Fach lamzmz s

[. Mantie respiration and a "V’ shaped structure.

2. Gill respiration. Water tube

1. Mantle Respiration SN -

Mantle 15 a told of skin covering the soft 3;-‘.\5“??3 branchial chamber

bady below the shell. It is formed of two lobes ' ‘

\ - & ekl == Outer lamellz
one on erther side. [tis nehly supphied with blood E clla

and iy conanuously bathed m water. Exchange of = : —
gases occurs between the blood of mande and Intesune

~ " - e 2 branchial chamber
the water. This s called mandle respiranion. / If-fl:—h oranchiz. o=z
- DOCHE

2. Gill Respiration
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Tbv horizontal bars called inter

unctions. Two lamellae of a
. ned together by inter lamellar
_ Frontal cilia

[Latero frontal cilia

_ Lateral ciha
— Chitinous rod

—— Blood space

Fig.11.59: Freshwater mussel; T'S. of

s gill filament.

The inter lamellar junctions divide the cav-
vlying between the lamellae into vertical cham-
wrs called water tubes. Dorsally all the water
wbes open into a large cavity called
suprabranchial chamber. This chamber com-
municates to the exterior through the exhalent
siphon. The portion of the mantle cavity lying
xzlow the gill is called infra branchial cham-
ber. It communicates to the exterior through
inhalent siphon.

Inner lamella

(har - 17l” f”dm(,ntw arc ]()m(,d t() one an-

Supra branchial chamber
'j: Water tubef
. N )

<§c

l he ldmdldr are pcrturalcd hy minute
openings called ostia. They are located be-
tween the gill filaments and inter filamentar junc-
tions. Through ostia, water tubes open into the
mantle cavity.
Cilia

Each gill filament is covered by a layer of
ciliated epithelial cells. Internally the gill fila-
ment is supported by chitinous rods. The sur-
face of the gill filament is provided with ciliated
epithelium. The cilia are longer on the outer,
latero-external and lateral parts of the filaments.
These longer cilia are referred to as frontal,
laterofrontal and lateral cilia.
Blood Supply

The gills receive venous blood from the
kidney through afferent branchial vessels.
In the gills the blood is oxygenated. The oxy-
genated blood is carried to the auricle through
efferent branchial vessels.
Mechanism of Respiration

The beating of the cilia of the gills and the
mantle draws water into the infrabranchial
chamber through the inhalent siphon. From
here it enters the water tubes through ostia,
from the water tubes it passes into the

Mantle

Outer -
1amella£ )

Foot—

Inner lamella of - !:

) inner lamina T

1' ’ /

°r lameliar junction — a
\

A

— . T —

[nner Jamina —

Food groove

ﬂOstlung\

'ﬂf/——f Outer lamina

\/*—“--__

-Food groove
“—Infra branc.hlal cavity

Fig.11.60: One side gill - Anterior view.
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Blood vessel

Inter lamellar
junction

Fig.]].é].

suprabranchial chamber. Then the water
passes out through the exhalent siphon.
Exchange of gases occurs when the wa-
ter passes over the mantle (infrabranchial cham-
ber) and the gills. The outgoing water carries
with it CO,, nitrogenous wastes and gametes.
Shell  yper lamina

Water tube | Supra branchial
chamber

Exhalent siphon
Inhalent siphon

Infra branchial cavity

Fig.11.62: Respiratory water current.
Digestive System
The digestive system is formed of alimen-
tary canal and digestive glands.
Alimentary Canal
The alimentary canal is formed of mouth, oe-
sophagus, stomach, intestine, rectum and anus.
Mouth : The mouth is situated anteriorly.
On each side of the mouth, there are two mus-
cular flaps called labial palps. One is called
external labial palp and the other is called
in.temal labial palp. The external labial palps
of the two sides join together to form the up-
per lip. Similarly the interal labial palps of the
two sides unite together to form the inner lip.

e ———— _\5 ()

- Cilig -
~ Chitinous reg

) Gasd——outer lamejy,

_——— Water tube

e ner lamella

Gill filament

- T.S. of lamina.
The labial palps are provided with cilia. The

ciliapush the food particles towards the mouth,
Oesophagus: Oesophagus is a short
tube arising from the mouth. It leads into the
stomach.
Stomach : Stomach is a large sac. Itis

completely surrounded by the liver.
Gastric shield

Stomach
Oesophagus

Intestine ——#£7

Crystalline sac
Crystalline style

Fig.11.63: Stomach of freshwater musse

Crystalline style : The stomach 18 pr
duced into an outgrowth called crystallin
sac. The crystalline sac encloses 4 flexibl
gelatinous rod called crystalline style. 1°
secreted by the crystalline sac. One et Ot
the style projects into the stomach t0 meed
with a plate called gastric shield 1ocaf€e
inside the stomach. The style rotates bY nlit
beating of the cilia of the style $a¢ ™"
is rotating, the style rubs on the. a;om
shield. This action sheds certain materid 'r-id*
the gastric shield. This material dissolVS andy*

“
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(hap: calledamylase. Again the rotation of

) nfixcs up the food and enzymes.

lem tine : The intestine starts from the
:;ttfe stomach. It remains coiled inside

r

ﬂo(; . Itcontains 2 pair of folds inside called
e 0%

phlosotes: e o oo
Rectum : Itarises from the intestine. It

sshorizontally on the dorsal part of the body.
]ﬂ%e typhlosole of the intestine continues into
percctum also. The rectum passes through the
«ntricle and opens into the cloaca through
jnus. The cloaca opens to the outside by the

ohalent siphon.
pigestive Glands

The digestive gland is formed of a pair of
liver located around the stomach. They open
into the stomach by several ducts. The liver
hasthe following functions :

I. It secretes digestive enzymes.

2.Itingests and breaks solid food particles.

3. It digests fats and proteins intracellu-
larly and

4. It absorbs carbohydrate.
Food

Freshwater mussel is an omnivore. It
teds on minute plants, animals and other
urganic debris.
Feeding

Bivalves collect their food from the wa-
’x:’:r current created by the beating of the cilia.
IS type of feeding s called ciliary feeding.

I 0
e’

o ——

The food matenials are carcfully filtered from the
waler current. Hence the mode of feeding is
called filter feeding. The filtered food particles
areentangled in mucous. This type of feeding is
called mucous feeding.

'Mechanism of Feeding

The beating of the cilia of the gill filaments
and the mantle creates a water current. This
water current 1s drawn into the mantle cavity
(infrabranchial chamber) through the inhalent
siphon. The water current passes over the gills.-
The sand grains sink down to the bottom of the
mantle cavity. From here they are sent out
through the posterior end.

The gill filaments secrete mucous. The
food particles are trapped in the mucous. The
food laden mucous is passed ventrally to the

Jood groove located at the lower edge of the
gill lamina. Cilia of the food groove direct the
food laden mucous forwards until it reaches the
ciliated groove located between the labial palps
of each side. The ciliated groove lying between
the palps leads to the corners of the mouth.
The larger particles are again dropped down
from the palps and are sent out through the
posterior end. The smaller particles are directed
towards the mouth and are swallowed.
Digestion

[n bivalves digestion is intracellular as
well as intercellular. The crystalline style lib-
erates amylase into the stomach. It digests
carbohydrate. This occurs inside the cavity of

Ventricle——— =" pericardium
, Liver._ /;*75\ "@_:}1‘?“:\‘{, Rectum
Stomach - {7 \’( - ~{ Anus
Mouth //":"\ \ m Lo T Exhalent siphon
Ocsophagus—— ' \ ) : )J ) Inhalent siphon

Iig 11.64: Freshwater mussel

N 1

Intestine
IFoot

Digestive systent.
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Food groove

S

~ Mantle cavity

Fig 11.65: Movement of food particles.

the stomach. Hence it is called intercellular
digestion.

The entire alimentary canal contains
amoeboid cells. These cells ingest and digest
food particles. This type of digestion is called
intracellular digestion.

Intracellular digestion also occurs inside
the liver. From the stomach, the small food par-
ticles enter the liver through the ducts. Here
they are engulfed by the epithelial cells for in-
tracellular digestion. Digested food diffuses
from the gland into the blood for distribution.

The undigested food particles are passed
out from the stomach through the intestine,
rectum, anus, cloaca and exhalent siphon.

Circulatory System

The circulatory system of freshwater mus-

sel 1s open type, because capillaries are ab-

sent from it. The system consists of blood,
heart, arteries, sinuses and veins.

Blood

The blood is formed of plasma and cor-
puscles. 1t 1s blue in colour, because of the
presence of a blue pigment called

haemocyanin in the plasma. The corpuscles
are colourless.

Heart

The heart is situated dorsally near the
posterior end. It is covered by a membrane
called pericardium. The pericardium encloses
a cavity called pericardial cavity. This cavity
represents true coelom in freshwater mussel.

The heart is formed ot three chambers,
namely a ventricle and two auricles. The ven-
tricle is tubular and surrounds the rectum. The
auricles open into the ventricle by two open-
ings called auriculo ventricular apertures.

Auriculo-ven-
tricular aperture . _
Pericardium

X Rectum

Right auricle Posterior aorta

Ventricle
Fig.11.66: Heart of freshwater mussel.
The most remarkable feature of the cir-
culatory system of Lamellidens is that the rec-

tum passes through the ventricle and pericar-
dium.

Arteries

From the ventricle two blood vessels arise.
These are called anterior aorta and poste-
rior aorta. The anterior aorta arises from the
anterior end of the ventricle. It divides into many
arteries and they supply blood to the anterior
regions of the body. The posterior aorta arises
from the posterior end of the heart and it sup-
plies blood to the posterior regions of the body.

The mantle receives two pallial arteries,
namely an anterior pallial artery from the
anterior aorta and a posterior pallial artery
from the posterior aorta.




Detailed Study of Types

Phylum hinodermata
Class : Asteroidea
Order :  Forcipulata

Starfish is a marine, spmy-skmned radi-
ally symmetrical animal. Hence itis included in
the phylum Echinodermata. It 1s star-shaped.
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Hence it is included in the class Asteroidea. The
commonly found starfish is Asterias rubens.

Starfish is a marine animal. It lives at the
bottom of the sea. It is a crawling animal. It
has a cosmopolitan in distribution. Itis a car-
nivorous animal.

Asterias has a star-shaped body. It con-
sists of a central disc and five arms. The lower
surface of the body is flat and is called oral
surface. The upper surface is convex and is
called aboral surface. The five arms repre-
sent the radii; the region of the central disc
between the arms is called inter-radius.

The upper convex surface is called abo-
ral surface. Itis covered with stout and blunt
immovable calcareous spines. The spines are
supported on irregularly-shaped calcareous
plates or ossicles buried in the integument.

e,

Fig.12.28: Starfish; Aboral view.

Between the ossicles there are number of
minute dermal pores. From each dermal pore
projects a small, soft and contractile process
ow:ma dermal branchia or papula. 1t is res-
piratory in function.

. wognaz the spines there are microscopic
pincer-like bodies called pedicellariae. The
aboral surface bears the anus situated near the
centre of the disc and a flat, circular sieve-like

plate called madreporite placed between the
bases of two arms. The two arms between
which the madreporite lies are known as

616

t of the three arms are known

pivium and the res
as trivium.

Fig.12.29: Skin, Aboral view.

The lower surface of the body is termed
as oral surface. 1tis flat. In the centre of the
oral surface there is a five-rayed or pentagonal
aperture called mouth. The mouth is sur-
rounded by a soft membrane called peristome.
Five narrow ambulacral grooves arise from
the five corners of the mouth and run along the
middle of each arm upto its tip. Two or three
rows of movable calcareous spines are present
on either side of this groove. They are called
ambulacral spines. Ateach angle of the mouth
these spines become larger and grouped to-
gether to form a mouth-papilla.

Fig.12.30: Starfish; Oral view.

__
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4h3p. Ll .
( ambulacral groove contains four

Each
fihi p-walled tubular structures called
50

o¥ ,ot, They serve as organs of locomo-
mbt’fAt he end of each ambulacral groove
fion- »small red spot, the eye and above the

dler;‘:r o is a small terminal zentacle.
% Pedicellaria

pedicellariac are microscopic pincer-like
uctures embedded in the skin of echino-
emns. They are the modified spines. They
yefound at the bases of the spines both on the
aland aboral sides. Pedicellariae are pecu-
jiarto echinoderms and they are not formed in
other animal groups.

structure of a Typical Pedicellaria -

A pedicellaria consists of a stalk and 3
assicles (calcareous plates). The stalk is flex-
ible. One end of the stalk is embedded and
atached in the skin. The free end of the stalk
bears 3 ossicles. Of these 3 ossicles, one lies
horizontally at the apex of the stalk and it is
called basal piece. It is immovable. The other
two ossicles are movably articulated to the
basal piece in a vertical position. These two
vertical ossicles are called jaws or valves. The

- Imermargin of the jaws are serrated.

|

i

The jaws can be opened and closed by
™osets of muscles lying between the basal
Pece and jaws. The closure of the jaws is
Prought about by the operation of 2 pairs of
;‘::uctor muscles. The opening of the jaws

dr:“ght about by the operation of a pair of
o ;‘13' muscles. The jaws work like a for-
hence this type of pedicellaria s called

fore:
“Ipulate Pedicellaria.

The Pedicellariae are of two types. They

are
Ped . i )
Ped;, “nculate pedicellaria and sessile

————————————

— Jaws A%N/? 5\\

Adductor /

muscle

Jaw
Alveolus
Spine

Bivalved alveolar
pedicellaria
Fig.12.31: Star-fish; Pedicellaria.
1. Pedunculate Pedicellaria

Pedunculate pedicellaria have a stalk.
They are also called stalked pedicellaria. In
Asterias, all the pedicellaria are pedunculate
type. The pedunculate pedicellaria has a stalk
and 3 ossicles, namely a basal piece and two
Jjaws.

The pedunculate pedicellaria is further
classified into two types, namely straight type
and crossed type.

a. Straight pedicellaria:In straight
pedicellaria, the two jaws remain straight on
the basal piece. The jaws work like a forceps.

b. Crossed pedicellaria:In crossed
pedicellaria, the basal part of the jaws are
curved and they cross each other. They work
like scissors.

2. Sessile Pedicellaria

The sessile pedicellaria has no stalk. Itis

situated in a small depression on the skin called
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alveolus. 1t has two jaws and arc arranged like
the valves of a clam. They can be opened and
closed by the operation of muscle. Sessile
pedicellariae are not found in Asterias; but they
are found in Oreaster, a sea star, allied to Asterias.
Functions of Pedicellaria

The pedicellaria has the following func-
tions:

1. The pedicellaria function as organs of
offense and defence.

2. They help to clean the surface of the
body of debris, sand grains, etc.

3. They are used to capture small prey.

4. They protect the papulac.

Digestive System

The digestive system extends from the oral
to the aboral side. It is straight and much short-
ened by the flattening of the body. It presents
aradial symmetry. Itis formed of the alimen-
tary canal and the digestive glands.

Alimentary Canal

The alimertary canal is formed of amouth,
an oesophagus, a stomach, the intestine, the
rectum and the anus.

The oral surface bears the mouth, situ-
ated in the centre of the disc. It is surrounded
by a membrane called peristome. The mouth
leads upwards into a short, wide oesophagus
which expands into a large stomach.

Anus

The stomach consists of two parts, i cars
diac stomach immediately following the oe-
sophagus and a pyloric stomach lying above
it The cardiac stomach isa fi ve-lobed sac. [t
is capable of being everted outside the animal

while feeding. The cardiac stomachisheldin

place by five pairs of mesenteries called gas-
tric liggments made up of connective tissues
and muscles. The wall of the cardiac stomach
has gland cells which secrete mucous. Above
the cardiac stomach is a small, flattened and
pentagonal pyloric stomach.

The pyloric stomach leads upwards into

the intestine. It gives inter-radially five pairs of
hollow diverticula called intestinal or rectal

caeca. The intestine leads into the rectum.
The rectum opens to the outside aborally by
the anus.
Digestive Gland
The digestive gland of Asterias is called
pyloric caeca. There are five pairs of pyloric
caeca, one pair in each arm. Each pyloric cae-
cum is formed of two rows of glandular
pouches. They open into a median duct. The
two ducts of an arm unite together to form a
common duct called pyloric duct. The py-
loric duct opens into the pyloric stomach. The
pyloric caeca are suspended from the roof of
the arms by paired mesenteries.

Rectum

Intestine

Pyloric stomach -/
Disc — |

Cardiac stomach —\— _f: "

Intestinal caecum
Pyloric duct

Amm

— Pyloric caccum

Peristome ——— > \)‘

— Mouth

Fig.12.32: Star fish-Vertical section of the disc and arm showing the digestive system.
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Water-Vascular System

It is otherwise called the ambulacral sys-
tem. It is peculiar to echinoderms an_d pot
present in any other animal group. "l?h{s is a
system of canals filled with a fluid consisting of
sea-water and certain corpuscles. The essen-
tial parts of the system are the madreporite,
stone canal, ring canal, radial canals,
Tiedmann's bodies, polian vesicles, lateral
canals and tube feet.

1. Madreporite: It is a hard rounded
and calcareous plate lying on the aboral sur-
face. Itis situated in the inter radial position.
The surface of the madreporite is provided with
a number of radiating grooves or furrows. The
bottom of these furrows are perforated by

Groove Cilia

Surface view

Vertical section

Fig.12.35: Madreporite.

minute pores, so that the whole plate looks
like a sieve. Each pore leads into a pore-canal
and all the pore canals merge into collecting
canals. The collecting canals converge into a
small bag-like ampulla beneath the ma-
dreporite. The ampulla opens into a stone
canal.

2. Stone Canal: It is an S-shaped ca-
nal. The walls are strengthened by a series of
calcareous rings and hence the name. Inter-
nally the stone canal is lined with cilia, the
movement of which draws the sea-water from
outside into the canal. One end of the tube opens
to the outside through the madreporite. The
other end opens into a ring canal. The lumen
of the stone canal is occupied by a ridge with
spirally coiled lamellae.

Fig.12.36: TS of stone canal.

3. Ring Canal: It is a wide pentagona]
ring-like vessel lying around the mouth.

4. Tiedmann's Bodies: The ring canal
gives off inter radially from its inner surface

10 small yellowish rounded glandular bodies
called Tiedmann's bodies. In Asterias only
9 Tiedmann's bodies occur, the position of the
10th being occupied by the stone canal. They
produce phagocytes.

5. Polian Vesicles: The ring canal bears
on its outer side five pear-shaped structures
called polian vesicles. They are inter-radially
arranged. These are thin walled bladders with
long and narrow necks. The polian vesicles
serve as store houses for the fluid in the water
vascular system.

6. Radial Canals: From its outer sur-
face the ring canal gives off five radial canals,
one entering each arm. The radial canal runs
upto the tip of the arm and ends in the terminal
tentacle.

7. Lateral Canals: Each radial canal
gives off many paired lateral canals on both
the sides, which lead to a tube foot or podium-
Each canal is provided with a valve to prevent
backward flow of fluid into the radial canal

8. Tube Feet: The tube-foot is a holloW:
elastic thin walled closed cylinder. It consist®
of an upper sac-like ampulla, a middle tubular
podium and a terminal disc-like sucke”
Muscle fibres are present in the walls of the
ampulla and the podium. The tube feet 2

4‘
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— Polian vesicle
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Fig.12.37: Star fish: Water vascular system.

capable of greater extension and when ex-
tended they come out through the ambulacral
grooVes.

Functions of the Water
Vascular System
The water vascular system has three main
functions. They are as follows:
1. Locomotion
2. Food capture and
3. Attachment
1. Locomotion

1. Starfish exhibits creeping movement.
2. Itcreeps on the tube feet.

3. Itcanmove at a speed of 15 cm per
Minute,

l 4. The water vascular system helps in
OComotion

5. The water vascular system sets up a

Vdrayl;,. . : ]
k aulic pressure mechanism which brings
Uthe locomotion.

6. In the direct
0 am
um,

L

: ion of movement, one or
sare slightly rajsed from the substra-

- 7. The ampullae of tube feet contract. The
valves in the lateral canals close. The water
flows into the podium. The hydraulic pressure
within the tube feet increases.

8. The tube feet elongate in the direction
of movement.

9. The tube feet extend forward and ad-
here firmly to the substratum by the suckers.

10. After attachment, the tube feet assume
a vertical posture by pulling the body forward.

11. The podia now contract. This causes
the flow of water from the podia into the ampulla.

12. This results in the shortening of the
tube feet.

13. The suckers are released and the tube
feet are raised and moved forward to repeat
the process.

2. Food capture

The tube-feet are used to capture the prey.
The suckers are used to open the shells of
molluscs.

3. Attachment

The star fish can be attached to the rocks
by the tube feet.
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