(1) lllﬂ_m}tur_musl‘j thin, elastic cell membrine or plasmalemma becomes

attached l_:r} the substratum. .

(2) There is a local partial liquefaction of the plasmagel at the anterior end:

—_. v . 3 ) )
I'his causes the central plasmasol, under tension, to flow forward and

force .the plasmagel against this weakened area to' produce a bulge or

pseudopodiunt, As_pleemasol enters Lthe newly formed pseudopodium, it

Leiprare &8 L

rapidly changes into plasnragel around the periphery (gelation), thus

forming

forward. -~

-

a gelatinized tube within which thie plasmagelcontinues to flow

(3) Posteriorly, inner sweface of contractile plasmagel undergoes solation, so

Lthat a constant flow

the direction of movement.

(1) The outer tube of clastic -pl:u_;_]n;;gql__,_t:u_ul_.%'_i;_q
backwards, while the main bulk of body travels forward.

' - - - -
thus exerts a squeezing motion from the sides and rear of amoeba, forcing

the plasmasol to _[_lnu.;

' is changed to ectoplagm.

Fla'gellﬁ

SLrusture ‘of flagella: Flagelld ate thread Jike™
s on the cell surface of flagellate
A

projection
protozoa like Euglena, Trypanosoma, etc.

typical flagellum consists of an elongated, stiff

axial filament, the axoneme, enclosed by an

er sheath. The axoneme consist
s that encircle two

out g of mne

outer double microtubule

central sirrgie microtubules, forming the typical

9 x 2 + 2 pattern seen in cross-sections. Each of

-

- - - %

the ];erip_i_lg_ral airs bea

rs a double Tow of short_ |.

U astucture of a Tage lum

forward. At the tip of pscudopodium the endoplasm

-
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of plasmasol is maintained from behind forward in

ts. and moves from in. [rant-

The plasmagel



TS apanauiull U amoeboid locomotion. ."'&.ccnrding to. the
[ viscosity theory, cytoplasm of amocba is differeiitinted in
Lloplasm and a granular inner endoplasm. The lalter

shed into an ouler stiffer and jelly=like region, th;: plasmag

d region, the plasmasol. Amoeboid movement involves four
rs stmultaneously —

B o=
-

‘plasmasol changing
inlo plasmagel
(gelation) 2

plasmagel changing
into plasmasol
(sofation) : Tt

directinrl___ni
movement

hyaline cap

- plasmagel
oplasm .
ki plasrnsasnl ecloplasm plasmalemma pseudaopadium

Amochoid movement after ‘sol and gel” thcory by Mast.
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hmt-.lng

memhmne peripheral of .

____oputer fibnl

ciliary shall ——-|. A ———» %
4 - cenlral ¥
b | Lt 1 sheal dyenin
L] & i ﬂnn's
coemtral (bl ﬁlmmm central flaril

plasma _____!
mMEMhIang s

wist ol 3

%7 periphoral

g- subfibals

basal body ———- o e
ei?ﬂ
e
- i) (Maxeal by I T.5.)
. ‘ ~UltraStruclure of 2 cihum

end- NMechanism of ciliary movement in ciliates
that cilia are moved in a coordinating system. ]
ripheral ﬁhrea]nmted ‘u‘rllhln Lhr:m [Im lnqﬂl l
anoihér by contractile- hllllfllﬂ'i uf ﬁhrr:' c'tllntl I
. five cilia form one contractile umt “called ki
incties produce a meLaclu onal wave of moveme
to the animal. The energy needed for fibrill

' Cilia also need liquid medium for their move

e seen in ciliates-
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CONLIICLIIC LI Redbin, dres =7 o or
: n basal bodies are distributed to daughter cells auring
ic spmdle and

alter its orientation. Whe
ach pole of the mitot:

mitosis, they Lypically arrange themselves at e

are then designated as centrioles.
[ 3 = -

Iuis c.hnactenatm of \bet.:uuphur:l which bears-one or

Flagellar inovement-
flagellar beat is not. L\.u'Lly known. It 1s

more ﬂ"l"’l.."‘l The mechanism producing

[ the axoncmal fibres are nwn]vcd According to the

bellevcd that. some or all

- Iatest shdm‘q ubule Ihcory of ﬂd"ell’lr movement, .ulj'u:ent. ('loublctb shde p'ist.

sach other, causing the entire flagellum to bend. brosa.lmdges arc formed and

energy utilized for the process 1s supplied by ATP. ['he fMagella need liquid

medium for movement or locomotion. There are Ltu-c-.e types of . flagellar

movements:
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(1) Ciliary beats- During the effective stroke, the cilium 15 outstretched stiffly
and Jnoves in an oar-like fashion, perpendicular to the cell surface. In the
recovery stroke, Lhe cilium flexes and snakes forward parallel to the edll
surface. As the organism moves through the medium, the ciliary beat, is.
umuhn ited over the surflace of the cell. The cilia in any cross row are all in
the same stage ol the beat cycle, while those in front are in an earlier

_:-;-Lngu and those behind are in a luter stage. This phase shift is scen as
wiaves, called metachronal waves Lhat pass gver the surface of the cell like

wind passes in waves over a wheat feld. -

(2) Swimming- Lavge ciliates are the swiftest swimmers. During the mode of
mrimmin" the animal does not follow a straight tract but rotates spu':llh'
like a rifle bullet .|lcm at left- handed helix. The reason for tlle 1s two-fold.
Firstly, the bady Lllld do not beat directly backwards hui somew hat

== = - obliquely‘towards" uf,ht 'S0 lhat the ammal rotates oveér Lo the lefl: on its
- long axis. Secondly, the L:Im of oral groove strike obliquely 'lnd more
vigorously so as I;o_ turn the anterior end continually away from Lhe oral
side and move in circles. The combined cffect causes the mnve.n:tent. of
animal along a Tfairly straight path, rotating about its axis:.'iri an

anticlockwise direetion.

Anticlockwise spinal path followed by a swimming Paraineeivimn,

Pellicular Contractile Structures

In many protozoa are found contractile structures in pellicle or ectoplasm called
myonemes. These are present in the form of ridges and grooves (e.g. Euglena);

contractile myofibrils (large ciliates) or microtubules (e.g. trypanosoma). Such
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Reproduction in Protozoa y/ '

lu.productmn occurs in all protozoans in some at f1equent tnterv':l with only a

short period of growth whereas in otheu: at cnmpamtwelv longt_r inter vale with &% '-'.

e}.p inded period of growth which- may last from d: 1¥s to week. Reproduiction in

protozoa is either asexual or sexual.

Asexual Reproduction

e ~a
In this type, division of parent body occurs to produce one or more young
individuals.” Tt :1lways involves a single parent and neii‘.};er meiosis nor
fertilization ocenrs. Nearly all protozoans reproduce by this method. It takes

place by following methods:

1. Binary Fission
2. Plasiiotomy - - ;
3:-Budding-'-_‘~'. R T TR : o By a .-
4. Multiple Fission
9. Plasmogamy

6. Regeneratian -

Sexual Reproductlon

'In thls type memtxc nuclear dlwsmn is followed by the union ol’ gametes The
i

gametes may arise from different parents (amphimixis) or may come from same
parent (automixis). It helps in the replacement of old nucleus h:,-w_ genetic

recombination for restoration of vigor. Ifis of the following types:
1. Syngamy )
2. Conjugation -

3. Parthenogenesie

Scanned with CamScanner



Rudding: Budding s the lormation of one, or more small individuals ‘hy
separating from Uho parent body. Kach bud receives-a-pitrt, of the parent nuclous
and later on turns into an adull, The bud is smaller than the parent, Whon a |
parent body produces only one bud it is monotonic (e.p. Vorticella), while in

multiple budding several buds ave formed simultancously (o.¢. Ephelota).

I » y ooy . .~ N Ty *
Multiple fission: During multiple fissions, nuclom axogonous buds shckals

-

division is not immediately followed by the division
of the cytoplasm. At first, nucleus divides by.a
series of divisions either by repeated binary lission
(0.4 }’lcrsmodiﬁm) or by simultancous multiple

fission (c.y. Aggregata). 'The body thus hecomes

*multinueleate. It is quite 2 common phenomenon

seen in Foraminifera, Radiolaria; Sporozon and

. Mulliple budding in phelot.

N ..lccrt:tin- ~ Mastigophara:-. The * process . receives -

“* different names according to the:partidular period in life eycle it occurs-
Schizogony

» Occurs in the life cycle of Plasmadiun.

 The resulting indivjduals are callad merozoites.

- ..Spoérogony .. o .

. a
» . PR L . . L. . . .

e Seenin Pla.émodium.
« Takes place after sexual reproduction and the products are termed

sporozoites.
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I'l;l:-:mu-:.uny I'n certain. I{Iu.rr:]:ml.l and 1'\1_-,fq.t.luftm two or mare individuals may

“ Tase to form p!.mnmhum n wlucll the nuclei remain distinet and Lthoy Eepuml]:

“agam unchanged afterwards. Tle process, which is thus non-sexual and not

syngamy is called plasmogamy,

Regeneration: IL has been ull.l;m'-vud that nucleated picces of sullicient size iy
“reform proportional missing parts and may assume normal shape. In ciliates like

“Stentor and FEuplotes a picce of macronucleus, is nocessary for repeneration,

Parasitic protozoa usually have slipht regeneration capacity. -

Sexual Reprodaction

Phis type of reproduction is widespread,but. not universal in protozoans. Many
prolozoans undergo sexual activities at irregular intervals but in.nany cases the

life eycle ciimnot he completed without syng:lmy and gametogenesis.,

%yug.lmy' I‘h;s is tlu. cmu]:lem I'usmn n!' J.wq sex cells qr j,,:l.*z.nlcb. sesulting.-i in- -

the I'nrmatmn ol gygntr The .fusion” nuclous of zygote' is” ealled Synkaryon.'

Dependmg upon the degree of di ['f'crent.mtmn displayed by the fusing gametes,

L

Syngamy is of Fﬂlluwing Lypes. .
' L]

| |

= Hologamy- ’l"wu ordinary mature protézoah individuals themselveq
behave as gametes and fuse together to form zygote. E. g Sarcodina and

-

Mﬂsnguphura (e.g, Copromonas). .- PR i o - P

* Isogamy- Two fusing gametes are similar in size and shape. E.g.
Monocystis and Chlamydomonas

* Anisogamy-Two fusing gametes are unéqual in shape and size. Small or
. motile gametes are male or microgametes and large non-motile ones are

the female or macrogametes. E.g. Plasmodium and Volvox.

. Al:ltugamy- Fusion of gamectes di.zrivad from the same parent cell. E.g.

Actinophrys and Actinosphaerium.

€020¢ 0 LT

jugation (arphimixis): It is the temporary union of two protozoan
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e+ e ———— 5 —_—
—_—————

- e ———

I. Four danghter nuelei (in each . vxc.nnjugaul} enldrge Lo hmmm., macronuclei

« —antlouther 4 become micronuclei. Three mu.ronuclm dl.smt.cglatc and d:s..a[ipear.

-1

12. Remaining one micronucleus of exconjugant (]l\'lt'l“; wnth hm.u‘; ]'ic:smn.

13. Ilach exconjugant produces 2 dlug.,ht:.r lm:.um‘-ul each containing 2
macronuclei and 1 micronucleus.

L4, FPurther division of each daughter parfimecium forms™2 individuals, each

containing onc macronucleus and one micronucleus. Thus, cach conjugant

produces four daughter individuals at the end of conjugation. =~ - _

Parthenogenesis: In Actinophrys the gametes which [ail lo cross-fertilize

develop parthenogenetically. Tt also occurs in Chlamydomonas and others when

syngamny has been missed. Individuals of Polytoma, which are poténtial gametes

can grow and dividd parthenogenetically.

~Encystment:- - - oo TR RS et

Encystment is characteristic of the life cycle of many protozoa, including the
majority of freshwater species. In forming a cyél: the protozoan seuretcs a
thickened envelop aboutit and becomes umctwe Dependmg on the speues the

protective cyst is resistant to des:ccalmn -or luw temperatures and encystment

enables the cell to pass thrnugh unfavorable enwronment.al cond:tmns Huwever
-"fhe more complex life cycles are often characterlzed by encysted zygotes or by
farmatlon of special reproductive cysts in which fission, gamectogenesis, or other
reproductive processes take place. Protozoa may be dispersed over long distances -
in either the active or encysted stages. Water-currents, wind, and ‘mud and

del'p@a on the bodies of waterbirds and other animals are common means of
d1s?¥f’lrsal
Eﬁ(:c?:qtion of Sex in Protozoa

As@al reproduction is generaliy quick, has less energy demands and is a
Bin@ process and hence the early protozoan adopted this method as the
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g p— _Triradiate

— Scleroblast cell K{ \\ .,[Jirlllr.'

_ Formation of Iri-rndlale spicule. (A) Scleroblast cell,
T (B) Celis dividing (C) Triaxon spicule.-

d i P = ) e M
Fetraxon spicules sire formed when an additional scleroblast cell is adide

along with three seleroblasts. has

Spongin
Pt .

It is an organic horny, clastic L;uhst.-lm:u consisting of scleroprotein cnnlniniuu
sulphur and is chmmmlly similar to collagen. Spongin is mscluhle ('hmnu.llh
- mmL .lll{l is not 'u.tr-:I upon by I:h:1 digestive enzymes. Spongin rr}nlmnq a large

.nnmmt, uf tnchne reuchmg 8. Lo T4 percent in rr'rt'nn “tropical sppmm of the

Spongiidae and Aplysinidae. = -

Development of Spongin ) .‘

-

Spongin fibres are ‘made up- of five threads having a grar;ular- axial core or
medulla surrounded by spongin which is secreted by spongioblast cells present in
- . thHe mesenchyme. T:hé,s'pong-jub_la_st- cells get arranged. in:raws, develop a_vacuole
within which spongin material is collected. Later on, 's;u:t-n.gin' F;e;reil.a-cl- b.y. ea;h

spong‘ioblast cells fuses with the neighboring cells to form long fibres.

%mal system in Porifera

Spongin fibre

A distinguishing feature of all sponges is :

the perforation of body surface by " Spongioblast cell e

numerous apertures for the entry and exit 0,973 :

of water current. Inside body, the water Vacuole . 3 _

' ' : (A) Spongioblast cells ¥ 8) Formation of

current flows through a certain system of assemble (o form ian;In fibres
spongin fibre” R

. spaces collectively forming the canal
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Sipgnificance of Canal System
The Onpoelln of chonnoevtep bont. 1o
produce waler curront which enters

Lhe oubin, It

sponogocoe]  through
curtion food particlon and oxypoen .and
nweeps away the metabolic wanlos
through m:!a:'.ulum. It thoerefore
subsorvens the function ol ingestion,
rospiration,” and oxcretion. In simple

lype of canal system, there is lesser

numbor ‘of cells but s the canal

system bocomes complex, the number

of flagellated colls increases and tho

Dermal Ostla Prospyles
Ingressing Water ¥ Subidermal space ¥ Incurrant Canal ¥ Hagellated chamber
popyle
Osculum o
looutslde 4 - Spongocoel ¢ Excurrent canals

- e -

CHONNOCYTIY

e T —

minonbooylos  chisines of eolts

197
';.‘('f

Wilsan's

expetlment on  repeneration in sponpe:
A~ Celly of Microclona sepanted by squeering living tpor .
thraugh bolting cloth:, 1) = Celis aggregating Inic'small musscs
C— A rcticulate reunlon mass, 1)~ Larer siage forming a ybung
sponge or spongelel, 1 =Section thiodgh a staga like D.

F .
-

oree to draw water current is also incroased. The syconoid canal system is

herefore moro efficiont than the asconoid typa and the louconoid type still more ¢

[ficient. The ‘increame in total area of the choanocyte surface increascs tho

fficiency of canal aystem.
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Ingressing Water

Dermal Ostia

>

Incurrent Canals

Osculum

To outsiie -

Pras It-_f.l

= Apopyles

-+ Radial Canals +—

Spongocoel

[ more

complex sycon type, ¢

18 lustrated by Grantra, the incurrent canals me

wregular, branching and anastomosing, forming- large sub-dermal spaces. TLIL

incurrent éanals Lravcrse -ﬂong irregular -course. thlough Lthe cortex: hefore

reaching Lhe outer ends ol' the radial canals.

Leucon Type:

-

In this case, the radial canals of syconoid stage get divided into small rounded or

oval flagellated chambers by further folding. This is characteristic of leuconoid

sponges, . such as Spongdla. Incurrenl: canals .open., mtn ﬂage]]ated chambers

through prusupyles. Flagel]ated chambers

in theu‘ I;urn commumcate W1th

excurgent canals through apopyles. Excurrent canals are developed-as a result of

shrinkage and division of spongocoel which has cﬁsappeared Thus excurrent

canals commumcate “with the outside through an osculum. Course taken bY

water current 1s as fullows.

.
[ l__

-
Y
.

-

ESE
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. Formation gt gotdl reef (A).F'ringlng seel groving tount n rm ky caeanile 1alot () Hasl
e fovel risas (C) subsidence of Land resutling 1 the Tatimalion of sy

l'mif lilwinl

.r"f s.as land sinks or
1= +=awinng comtral lacfobin

- — i il e

Rate uf Growth of Corals
Most reefs grew at the rate Uf 10- JUI'I mm each ymlr Mrml nf the axinting re

could have been formed within n permd of lﬁ,ﬂm! Lo 40,000 yonrs, -
—

Ecopomic importance of coral reefs.
Corals of the remote ;,eologmn] past formod coral roof structuros that hoen

highly favourable sites for the accumulation of petroloum doposits. Thus ¢o
reefs are of much importance to oil industry. Large quantitios of corals |
shipped every year for the curio trade. The coral reels serve as habitats fur ms

plants and animals like sponges, molluscs, echinodorms, fishes olc. ‘Home co
mfs are used as habitations by man as well. Bome corals are higl:ly primd

£ a -
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(2) Barrier Keef Barrier recfs are like fringing reels but they are located uc

hatance away from the shore. The stretch of water, separating the barrier 1

rom land, may be half a mile to 10 miles or more in width. It is called a lagc

Lin 10 to 50 fathoms deep and suitable for navigation. Most nofable examp!

»arrier reef is the Great Barrier Reef a long the North-eastern coast of Austra

L ig about 20(_}0_]'(::1_1_0113 and up’to 150 km from the shore. . *° . -
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" .
ation of coral reefs - ‘ .

ving important theories have been pitt forwnrd to explain’the formn

reels:

NDarwin®e @iheidonens Thearve Aceoridine to this theorv. nll know
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When hydrocalus has reached full development, at produces spocial elubshaped
bodhes-eatted blastostyles or blastozoods ov [‘,mmnu'llll:;. The pvrus:n.\‘, covering
blastostyle, forms a loose, transpavent, vase-like capsule, the panotheca. Fhe
blastostvle. by lateral asexual budding, produces sexunl andividuals  called
medusae or gonophoves. Fully formed medusae detach [rom blastostyle through

an aperture, the gonoporve. Gonotheca, together with blastostyle and medusae is

referred to as gonangim. -
—
Hydroid Obelia colony with medusae becomes trimorphic contaimng hydranths,

blastostyles and medusae.

Histology of colony: _
The body wall of colony 1s u.mu;ms:v:l of two layers of cells, outer l:‘pidm'mis and
inner gastrodermis. Between them, is n thin delieate, transparenty non-cellular
;:-:.-I-:tinuus layer called mesogloea or suppurlim, lamella, Epidevntis contans,
stinging mlls or nematocysts which are espccnlly .tbumhml on tentacles forming

annular batteries. A nerve-net, composed of large aml branched nerve cells, is

present on each side of the mesogloea. Gastrodermis chiefly consists ol lavge

columnar nutritive-muscle cells and narrower gland cells that help in digestion,

Physiology of colony:
1. . Locomotion- ‘Hydroid- Obeha culony, bemg sessile, duoa not exhibit lmdtly

- movements. However, unnulm constnctmns “of pensnrt. permﬂ. Qhr.ht

swaying movements under the influence of water qurrents. .

9 Nutrition- Polyps or Hydranths are the gastrozooids and are mostly
o .
carnivorous that prey upon small crustaceans, nematodes and other

worms, Their tentacles capture the prey and convey it to mouth. Digestive

es, secreted by gland-cells bring about partial extracellular digostion.

juic
s of partly digested food and digest

Gastrodermal cells engulf small picce

them intracellularly. Digested food diffusés into the colls of ontire colony. -

Undigested food is egested through mouth as thero is no anus.
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Medusae are modified zooids meant for
sexual reproduction. They arise from

blastostyles by a -pro;:css

budding.

Development of medusa

into a vesicle (2). Apical epidermis of vesicle now splits into two

of asexual

3. Respiration and Excretion- There are
: = = e . spidormz, meegan gerhiotams 2
. - ol ~
nv special organs. of respiration and . W d__yz ) 2
cavly o' .‘5\ ewrbnlarsutecs 4
- . - " - .. . - wtr . Y N e -
excretion. OLygcn_ from surrounding w:"""’ *1 WA
L o vl A Y A
waler diffuses directly into cells and | &=I= i AL e
< e ﬁE." ﬂt pd ’
oy L i |l 7 NS e
2  and- - 5 c - k-tj ABES, 7
2 \ne nitrogenous  excretory ( 2, A 61—zt
3 . | N il
products diffuse out. P\ / N N
Et=? ! | )
- - X ) L -"'. = odcr :::
1. Asexual Reproduction- Obelia colony  [neimzr o \\;!\\3 ( L%VLM*“_
propagates by the asexual method of \Q %uﬂa P “\";} wmer mas
- - %‘ E-i_,:-Jl '—'P- -
- ) : 2=, ! R
Im;ltlmg‘.‘_.II}'tlrm'luzuu sprout  new JE=EA &@\%Ej}’(-s.mm:
. - . el nalmeant o A i:;;’l\ vty
vertical  slems  or hydrocauli  that N
== [ =7 il
- T - . .. pmituberances nﬁ é!{ = el
increalce the number of individuals by Qireisa asireayle 10 V8. ok m op vtmmt siopes
- =i . } Ly h) :.fd‘-cn:n\pn'cnl T
budding. -Blastostyles are specialized - —
reproductive-zooids lorming medusac
= by— hll-.(l_{li'ng'_ - . -'_l—_ e Ee e
Medusa -

subsequently enlarges to become sub-umbrellar cavity (4).

In spring and summer, a large number of medusa buds and in -variuus stages of
development can be seen on a blastostyle. Medusa-formation begins as a small

outpushing or hollow protuberance on the wall of blastostyle (1). It soon enlarges

layers. Inner

layer again splits and acquires a small cavity called bell-rudiment (3) that

During further

development, a narrow circular shelf, called velum projects inwards from the

_margin of umbrella, Velum is permanent and conspicuous in most hydroid
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in the regulation of blood sugar.

6. Absorption of water, salts, vitamins, and end products of food
digestion.

I-' th?. Maintenance of water balance of the body through the phennménnﬁ
of thirst. %

Digestive Enzymes

Digestive enzymes play an important role in digestion as they z:eguliate
(mediate) the chemical reactions in the breakdown of food. Most digestive
enzymes are Hydrolases and produce their catalytic action by the process
of Hydrolysis (Fig. 14.1), in wEIch a molecule of water is chemically added

9]
R—C—N—F + HOH — p—c” '+ R—NH;
H H
Hydrolysis of Proteln -
m H K H
+ HOH —» + ROH

~ R - H
ADH !!JH

Hydrolysis of Carbohydrate
H;C—O—E—Fh H.C—OH + Hf—i
H
...yD

HC—O—C—R; + 3HOH ——» HC—OH + Hz—c\j
H

0
|.12.|:;_.1:7.—E—[:t:l ' H,C—0OH + Ry— &
_ H
Triglyceride Glycerol + Fatty acids

Hydrolysls of Fat

Fig. 14.1, Hydrolysis of protein, carbohydrate and fat by th
g elements of water. The R represents a complex cnj;bn: :Egﬁg:ﬁ of the
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___PHYSIOLOGY OF DIGESTION

Digestion can be defined ns a process that involves chemical breakdown
of qmrf:!rx Jood materials into simpler molecules which can be readily usd by the
animal through absorption and assimilation.

Kinds of Digestion

(1) Imtracellular digestion : When di

olls iy : gestion takes place inside the
e ['Lllill..?ddi]ﬂlcn" :]Ldl out in food vacuoles within the nrgnnlgm itself, then it
:;fll:m'ur 1:i::f I;lktlr dlgestlon. This mode of digestion Is a characteristic
o snme. i 2omt Fg:t:ﬁmﬁsnﬁ: sponges. However, it is also employed
_ , » like coelenterates wherein th
T e ut gl el My e
A s ered as examples of animals | '
occurrence of intracellular digestion represg’nts a Prlmitivescol; d‘rtl;clx‘::':h the

in t;ﬁ: E;'::':nu,':_":;r digﬂSHaﬂ : en digestion is practically completed
Thus. the dEVngprgeiltggafﬁ:edr;“tﬁ it its called extracellular digestion.
_ . eslive tract, permits a

extracellular digestion, which is a characterisﬁc of hizh::ozfxif:nﬂpllﬁfz

crustacreane incactos maelo 1.
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When polysaccharides are hydrolyzed, they break up into ma?gczllfsp;
sugars. For example, the hydrolysis of starch yields several mo d this
dextrin, which is then hydrolyzed into the disaccharide maltose, an
into the monosaccharide glucose.

The chemical digestion or hydrolysis of carbohydrates occ b
presence of different enzymes known as glycosidases. Two enzymes, P alin
and maltase are present in the saliva. Ptyalin or salivary amylase h drolyzes
starch to dextrin and maltose, and then maltase converts maltose to glucose.
Enzymes secreted by the small intestine continue the process : maltase
hydrolyzes maltose to glucose, invertase (sucrase) acts upon sucrose and
hydrolyzes it to glucose and fructose, and lactase hydrolyzes lactose (milk
sugar) to glucose and galactose. Glucose, fructose, and galactose are all
simple sugars that can be absorbed into the blood.

urs in the

Chemical Digestion of Proteins

In qddiﬁnn to the dietary proteins, about 10 to 30 g of protein are
present in various digestive juices and another 10 g of protein are contained
in -:ellfs desquamated each day from the intestinal lining. This protein is
also digested and absorbed. The digestion of the protein by a proteolytic
enzyme occurs by the hydrolysis of peptide bonds and the protein is
digested according to the following sequence :

Protein — proteoses — peptones — polypeptides — amino acids

No protein digestion occurs in the mouth In the stomach sin
:Ihyedgu]yzes p:ntelr}s Into proteoses and peptones. In the small intﬁgine
digﬁ:;zdymfmrypmy from the pancreas converts proteins and partially
dig protemns into polypeptides. Finally, in the small intestine the

yme erepsin further_acts upon t_hf.e §p11t products of the gastric digestinn

nf nratoine ba Faeee _ ¢
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Specificity of various proteolylic enzymes. The
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The normal S
brichdiden 1 ma?::enf respiration in the adult is 14 breaths/minute , but
Each inspiration ad up to 30/minute. In exercise it is further increased
of old air present lrrlthS a:mut 350 ml of new air to mix with the 2500 mi
lungs per minute is knf:wunngg- t}TnE Gisntlly of new A that enters S48
adult is about 4900 ml (350 x 14) e minute volume, which in the average

Physiology of Respiration

It may be discussed und i
1 th ' er the following heads : (a) Gaseous exchange
in the lungs ; (b) Transport of gases by the blood ; and{{g) Cellular (internagl]

respiration and oxidation.

Gaseous Exchange in the Lungs (external respiration)
The respiratory membrane through which gaseous exchange takes
the endothelium of the

p]a::'e, cﬁnnsists of the thin lining of the alveoli,

capillaries, and the delicate interstitial connective tissue layer. The uptake
of oxygen and the release of carbon dioxide by the blood of the alveolar
capillaries can be explained by diffusion, i.e., the gases pass from the regions
of high pressure to those of low pressure. The pressure of the gas refers
to the partial pressure that the gas exerts in a mixture of gases. If the
atmospheric pressure at the sea level is 760 mm of mercury. the partial
pressure of oxygen will be 21% (percentage of Oz in air) of 760 mm or 159

mm. The partial pressure of O (Poy) in the alveolar air is about 100 mm
tes only 13% of alveolar air) compared with

of mercury (Since O constitu ;
for the O, in the atmosphere. The partial

that of 159 mm of mercury pher .
in the blood of the alveolar capillaries 1S considerably
n diffuses from

ower, being only about 40 mm. Accordingly, the oxyge s fro
the alveolar air into the blood. By the time the blood leaves the capillaries,
about 100 mm of Hg, the same as

its O, pressure has
alveolar Oz.

ressure of Oz

the CO; in the blood of the lung capillaries has a

In a similar manner, : |
highé:' acn]ncentratinn (46 mm) than it has in the lung a}veuh (40 mrri)
This accounts for the diffusion of CO; out of the blood into the alvec:i
By the time th s the lungs, its CO2 pressure has been lowere

y L8 i f both these gases there

e blood leave 8% iffusion o
\ int uslio
v amnroximately 40 mm. Thus, in the l'nES the direction of their flow.

s 1l =k Aatormi
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iron, il can transport 4 molecules
of oxygen.

Under the normal
conditions the arterial blood
which has been exposed to the
alveoli of the lungs is not quite
completely oxygenated. Wiﬁ'c an
O3 tension of 100 mm of Hg, it
is usually 98% saturated and
therefore, contains 19.6 m| of O,
(combined to haemoglobin) per
100 ml of blood. In addition to
this there is about 0.2 to 0.3 ml
of Oy which is dissolved in the

WITH OXYGEN

PERCENT SATURATION OF HAEMOGLOSIN

40

20

J
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Y ANIMAL PHYSIOLOGY
net result of these two events 15 to maintain the pH essentiall unchanged,
ind K* jons within the red blood cell, pi:aisu!:;]}r nemraliz};d by HbO,,
ire now neutralized by the newly formed bicarbonate (HCOj5™) ions.
-onsequently, the major portion of the CO;, that diffused into the red
Ylood cell from the tissues leaves the capillary in venous blood as red cell
1CO3™. This set of transformations is termed the isohydric shift.

1amburgers Phenomenon or Chloride Shift

As shown above the dissociation of H,;COj increases the number of
icarbonate ions in the red blood cells, and therefore the ions tend to
iffuse away into the plasma. For each bicarbonate ion that comes out
‘om the red cells, one negatively charged chloride ion present in the
lasma moves into the red cells in order to maintain acid-base equilibrium
r the blood and the electrical neutrality of the red blood corpuscles.
hus, chloride shift involves the passage of chloride ions from the plasma into
te red blood corpuscles to balance the bicarbonate ions that have passed from the
d blood corpuscles into the plasma (Fig. 15.5). The carbon dioxide capacity
" the red blood corpuscles is further increased by the chloride shift,

>cause the removal of bicarbonates, in this way, enhances their formation
om the carbonic acid.

In tissue capillaries In transit through veins  In lung caplllaries
cr

cr
(From plasma) (To plasma)
(To plasma) HCO; (From plasma) {'I'uﬁ?rfg )
Cr
—
Buffers.H
Plasma buffers Buffers.H Plasma buffers

Fig. 15.5. The Chloride shift.

In the red blood corpuscles most of the buffering is provided by the
:moglobin (Hb) itself. The latter is a negatively charged blood protein
| combines with positively charged hydrogen ions (formed in the
isation of (H;CO3), forming the haemoglobinic acid. This reaction is
wn as follows : '

BHb + H*¥ — HHb + Bt
(haemoglobinic acid)

The resulting cation (B*) from haemoglobin is balanced by the CI-,

zration of CO; in the Lungs

The COz is carried by the blood-stream to the lunes in the form f
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an the tension of CO3 in the lung
d and the reactions taking place

LW WL

tension of COz in the
alveoll), COz is given ©

are as follows :
0 H,COs carbonic anhydrase — H0 + CcO,

Jung capillaries (th
ff from the bloo

acidity of oxyhaemoglobin '} Na+ + HCOx"
NazCO3 + H20 + COz

(if) Na HCO;3
acidity of oxyhaemoglobin

Cl

or 2NaHCOQO;
increasing uryhaemnglab!nt HbNH, + C 0,

(fif) HONHCOOH
n on acid strength of the

The reciprocal effect of oxygenatio
ounts for the CO; exchange.

haemoglobin, the so-called Haldane effect, acc
In the lungs chloride ions move out of the red blood corpuscles and
The enzyme carbonic anhydrase then

bicarbonate ions move back in. _
romotes the rapid reformation of free CO, and this gas diffuses from

p
the blood into the lung alveoli (Fig. 15.5).
(c) Cellular (internal) Respiration and Oxidation

The ultimate aim of all the respiratory activities is the cellular oxidation
i.e., the aerobic breakdown of the digested food materials and the release
of energy thereby. The breakdown of carbohydrate may be represented

by the following overall equation :
CgHyp Og + 60, —— 6CO; + 6H0 + energy (686 Kcal/mole)

AMINO ACIDS \TMPLE SUGARS FATTY ACIDS
FYHLNIIJ ACID /
ACETYL COENZYME- i

|
|

COENZYME-A
OXALOACETIC ACID

CITRIC ACID

2H CITRIC ACID CYCLE
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Imir]f:g:grnigsé:ir{ tzif _C'Uz as bicarbonates : The rest , or about 85% of the
red blnuj c;zllst :{i Clon the form of bicarbonates in both the plasma and
with water to fIDrnl-l l?,L‘ﬂ'terﬁ !he blood cells from the tissues, it combines
ions (H*) and bi i amc acid (H,CO;), which dissociates to hydrogen

: carbonate ions (HCO5™). The latter diffuse into the plasma

and with sodium or : :
i - potassium ions in ma, form sodium or
potassium bicarbonate. the plasma,

Na: + HCoy” » NaHCO; (sodium bicarbonate)
K* + HCOy~ —— KHCO;, (potassium bicarbonate)

It means at normal pH of mammalian blood, most of the total carbon
dioxide will be present in the form of bicarbonate ion. According to
Hendersnn-l'-lass.e]balch equation, at pH 7.4 the ratio of carbonic acid to
bicarbonate ion is 1: 20 i.c., for each one part of carbon dioxide present
as acid, twenty times as much carbon dioxide is present as bicarbonate
ton. The hydrogen ion formed as a result of the ionic dissociation of the
carbonic acid is buffered by the various buffering substances in the blood,
and the effect of carbon dioxide on the pH of the blood is therefore only
moderate.

Thus, CO; relies on the blood salts for most of its transportation. The
red blood cells contain an enzyme, carbonic anhydrase, which increases the
speed of reaction between CO; and H;O, resulting in the formation of
H,CO; which is rapidly converted to bicarbonates as-indicated above.
Thus, the enzyme is responsible in large part for the fact that most of the
CO; in the blood is ultimately converted to the form of bicarbonate ions.
But like all other enzymes, carbonic anhydrase also catalyzes the reversible
reaction, that is the splitting of carbonic acid to water and carbon dioxide.

(in tissue capillaries)
CO; + HO ~carbonic anhydrase HyCOs3

“(in lung capillaries)

Thus, the enzyme also accounts for the rapid release of CO; from the
blood during its passage through the lungs. Thus despite the low
concentration gradient (tissue'Pcoy is 45 mm Hg, that of arteriolar capillaries
is 40 mm Hg) carbon dioxide diffuses rapidly from the tissues into the
blood. This is a good example of facilitated diffusion.

Carbon dioxide Dissociation Curve

By plotting on the ordinate the total amount of CO; in the blood and
on the abscissa the various CO, partial pressures, a CO; dissociation
curve rhay be constructed (Fig. 15.4). Huwev?r, the curves for oxygenated
and deoxygenated blood differ somewhat. This is because oxyhaemoglobin
is slightly more acidic than haemoglobin. Hence, oxygenated blood will
bind slightly less CO,. This Phcnnmenon_ is f:losely related to the Bohr
effect which shows the other side of the coin, ie., an increase in the CO;

ation curve to the right giving more oxygen from

' xygen dissoci
f:éfglg:é E;nytghe tissues. When CO; is added to the blood, it pushes the
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e eenaniing 155 haemoglobin (as in an':rm_ii_:) carries less O,
to the cells and tissues,

() Effect of pH : The acidity of the blood (pH) also affects the d
of haemoglobin saturation wiy 9Xygen. An increase in the metabolic
rate in the tissues increases the CO; and acid metabolites, The O, partial

pressure is thus lowered, thereby more O; is liberated and made available
to the tissues,

(vi) Effect of 2, 3- diphosphoglycerate (DPG) : A major fraction of the
phosphate in erythrocytes is present as DPG which plays an important
rolein the release of Oxygen to the tissues. An increase in DPG concentration
15 associated with decreased Oxygen levels such as are found in anaemia
or cardiac inefficiency. DPG reacte with haemoglobin to reduce the affinity
of haemoglobin for Oxygen and so makes more Oxygen available to the

anoxic tissues. In some genetic abnormalities, DPG is reduced and the
red blood cells have a short survival time.

HbO, + DPG = Hb.DPC . 0,

(b) Transport of Carbon dioxide
Carbon dioxide is evolved in the hadw ae - eo..1e _e_.
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fmﬁﬂ,nmozsgﬁvz;gé,md]hﬁfmnpm;%m
reaches zero. Thus, degree of haemoglobin satura lowes
with the £2ll in the partial pressure of O;. In the passage 0 D:00C ™
the tissues where the Oy tension is low, rapid dﬁm‘m,
2 :1:?0\‘:311' mﬂ;m. I am_ 3 ﬁ?ﬂqumv -
he surrounding tissues and cells where it is most needed.
[;mgs(l’q=1ﬂ]mng .
Hb + Oy — HbO; (cxyhaemoglobin)
= ::MID'“].B'IIII
! o there i in tissue Pop, an increase ycera
5 “in pH, local Eﬁzzﬂ%?g?“"" A s }ﬁsgf;fm from
P lemﬂr - -5 -at!'mmﬂ:
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Y OF RESPIRATION 0,

scent of the diaphragin, decreases intrathoracic pressure from
M Hg, and air pushes into the lungs. Thus, in inspiration the
fending passively in response to the various mechanisms that
increase in thoracic volume. In expiration, the size of the
eased , the intrathoracic pressure is raised to-2 mm Hg, and
ut of the lungs (Fig. 15.2).

OSPHERIC

ATMOSPHERIC
AE 760 mm Hg PRESSURE 760 mm Hg
TRACHEA—
—4 10 -10 mm Hg
RIETAL PLEURA
\\ VISCERAL PLEU ¥ )
}‘:".‘_:"‘ r-;"L_'"
Lo ar?
..‘;]"‘:’-}.. I' {id}:; .
THORAX .-{i.?f o ot
A SR
" ‘,:i-"_ B -.; v 'f"}'t‘: b
(87 [rk'" TN
(e || RERR
"1 - . -":;"" I -_? ij 1
.L;'ifi':h\:u{ri:i -lhr.&' '-Q‘Tj‘;
Uj-_{ s :’:f;?] :j_;(‘u_{.— AL
L33 -{':'j"h‘h'* ¥ 'r"r":'.j"‘.'"-:'."'
R e S va 1,
& '--Z
l INSPIRATION
nges in intrapleural pressure responsible for inspiration and
expiration.

a2 a - ¥ Y aY o o e Y n aA
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pharynz, eplglottls, glattis, laryne or veles b, (rachwa ot windpips st
twao bronehl (Plg. 151). Within the lungs each bromichus divides atvdd
subdivides Into smaller tubes (bronchiales) vehileh lead 12 the air sacs wth

alveoll,
The human lungs are made up of senne 7.5 72 WP alvedll, the teAal
surface of which In about 100 square metres, or about fifty tmes that A
the skin surface. Thus, each lung comsists of j1s bronchial tree with is
many air sacs and alveoli units gether with other asaoriated strustures
such as the blood vessels, nerves and pleura Al are supgra e and
attached to one another by the connective tissue.  Frternally they are
covered by the vioceral plevra (a thin layer of seneetb egathieliureg wihirhiie
also surrcunded by another sitnilar layer, the parietal plears fraang, the
inner lintng of the wall of the chest A small arnent of pleueasl fluid flfn"
Jubricaticn s fuund an the plewral camty  The nogenal pressre e the fluid
in the intrapleural space 1= 10 10 15 tnm Hy Thae uriasually rﬂ':?ﬂ'_""-'
resaure in the intrathorse e space is caused by the comtinnenss teatrotprion
of fluid inte the pleural mprlLH#-a by a speclal lymph-pump system. 1
diaphragm, a dome-shaped partition forms the floor of the chest cavity

and peparates il from the abdomen.

maur
LLricy f & ——LEFT LLUNG
VISCENAL & N _PAIETAL
PLEURA & - FLEUNA
! IMLEUNAL
' CANTY

Fig. 15,1, Lungs and diaphragm in man.

Mechanism of Breathing
Breathing is a mechanical process and is completed in two phases,

Inspiration and expiration. In inspiration, the ribs are elevated and the

disphragm contraciad S Ditlenec, the chesl cavity bs enlarged. This
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and Schepartz, 1967). Similarly, expo tidases ar*t'!:l..:_:c:wmur: ¢ in their
action. Amfnapo{wtidases attack a p?:?'pepﬁde on the mSEE:E:r:zn aﬁ
amino group exists. Carboxypolypeptidases attack a polypeptide on the
end where a free carboxyl group is present. The result of each reaction is
the production of a free amino acid and z polypeptide molecule with
reduced molecular weight. Many dipeptidases probably exist, each one
specific to a particular dipeptide (Smith, 1960).

Chemical Digestion of Fats

Enzymatic hydrolysis of fat converts it into 2kinds of smaller molecules:
gl }}C?}l’ﬂ] and fatty acids. For example, the fat known as stearin hydrolyzes
as follows :

lipase
C3H50;3 (Ci7H35C0); + 3H,0 —— C3Hs(OH); + 3HC;5HasO,

stearin water 1glycerol + 3stearic acid

The digestion of fat starts in the stomach, no digestion of fat OCCUITIng
in the mouth. The lipase of the gastric juice acts on emulsified fats such as
cream. Most fat is digested in the small intestine. In the duodenum the
bolus of food encounters the bile and the pancreatic juice. The presence
of lipid in the small intestine stimulates the release of the eastrointestinal
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tunl.lcl:h, arise l'm:n the cire umfumu e of umbrella (5 and G). I'm'tlly Ihe qt.ull
connectmg the medusa bud w ifh blastostyle breaks. The ynung medusa is l'rcn

—_—

and lL escapes through gonopore of gonangium.
. Morphology of medusa:

1. Shape and Size- A fully grown Obelia medusa is like 2 radially symmetrical
tiny umbrelln, mensuring 1 or 2 mm in diameter. Quter convex surface of the
-umbrella is known as ex- wmbrella, while inner coneave surfiice as sub- umbrelln.

- Subumbrellar surface shows four radial canals and a_circular canal. A mature

medusa bears four ganads, one in the middle of each radial canal.

2. Manubrium- From the centre of concave sub-umbrellar surface hangs down a
* short, hallow, handle-shaped process, the manubrium, bearing at its free distal

end a four-sided mouth surrounded by four (I'I:J._Il lobes.

L3 Vx:lum C{mular edg,t. of lll‘l“lhll}“.,l 1:, punlur-t-:l mw mla 1nt.r.:- a vcr}' narrow,

E -

lu:hmu:tanr fold or shellf, (.'I.HL‘(] \.elum

4. Tentacles- Rim or margin of umbrella algo bears numerous short tentacles.

Their bases are swollen to form tentacular bulbs that lodge sense organs called

- =

statocysts. - - e

9. Gastro-vascular cavity- The rectangular-mouth leads into a narrow passage
" running i:hro'u'glf-tﬁévin‘a'ﬁi:brfuhi'Efll'léd'g‘ullét‘ "It is followed by, a dilated gastro-

vascular cav:t}' or sl‘.omach lymg at the base of manubnum and occupymg the

central part of umbrella.

6. Nervous System- On each side of mesogloea, nerve cells belonging to epidermis

as well as gastrodermm form nerve nets. Nerve cells are especially concentrated

along the margin of bell forming two circular nerve rings, one just above and

other just below the base of velum.

Histology of medusa
. Basic histological structure of medusa closely resembles that of hydranth. All

eggposed_pa;ts d.e_exumbrellar and subumbrellar surfaces and manubrium, are .
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Family Encopidae

Genus ¢ Obelia
Spoecies : genrenlata

Habits and Habitatl

It is abundant in both Atlantic and Pacific coastal waters and occurs as asexu

LT -

.
and sexual forms.

The asexual form is 2 prominent branched hydroid: colony found attachwel
rocks, stones, shelly of animals, wooden piling , wharves, and fonds of lax

seaweeds. It looks like o delicate, whitish, or light hrown, almost fur-like growt!
»

The sexual form is an inconspicuous bell or an umbrella-like Fwee-swimmi

L

stage, called medusa.

-
-

HydroidColony . . . - . ... .. . ... . .4l
‘Aloﬁwho!ng)mf colony: ‘ B SRR (e \

1. External features: It cousists of vertical branching stems, calle

hydrocaulus, raising 2 to 3 cm above a root-like stolon or hydrorhiza. Bas

- .

hydrocaulus branches in an alternate manner. Each ultimate- bram
terminates in a nutritive zooid, the polyp
“~or hydranth. Ih the axils of older polyps
are placed cylindrical mproduuti\;n z00ids,
the blastostyles or gonangia. Th‘us. Obelia
colony is dimorphic, exhibiting two types
of zooids. When blastostyles develop

saucer-shaped bodies, called medusae, the

colony becomes trimorphic. o

2, Coonna;im: Branches and zooids of colony
consist of an inner,” tubular and living

portion, the coenosarc.:It consists of a

- k. &
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cvenosareal or gastrovascular cavity. The cellular

will consists of twalayers, an outer epidermis
. an mner gasrodermis, with o gelatinous

mesogloea in between.

L. N
3. Perisare- Coenosare is surrounded externally by

a yellowish or brown, tough, transparent, and

non-living chitinous layer. called pervisare. It s Ak Vs

protects the colony and serves as a -

) gonopore
supporting: exoskeleton. At the base of each g'bnothecu
zooid, perisare bears annular constrictions,
called perisarcal annuli that permit limited

e ] : m
_-swvaymng movements under the influence of cdusae
% waler currents. .
=== - 47 Zooids- Hydroid colony of Obelia exhibits two . |\ AL i L
- types of zooids- S
) \L developing
- (a) Polyps or hydranths and o
o | ‘ L =R .fnaqu'sa buds
(b) . Gonangia : L5y ] coenésaic -
] | B |——perisarc
(a)_Bolyp or Hydranth: = |
e e e e e RS ek
It is the’ nutritive zooid of the colony and ‘1§ also Obelia. A gonangium

called gaétrnzmid or trophozooid. It is yellowish in
colour. Its narrow proximal end is continuous with coenosarc and distal end is

produced into a conical elevation, the manubrium or hypostome. Hypostome

obears a terminal aperture, the mouth and from the base of hypostome arises a
%“%ircle of up.‘tn 30 filiform tentacles. Perisarc, surrounding the hydranth, dilates

&, form a loose, cup-like, transparent protective sheath, the hydrotheca. At the
E{irase it 1s ﬁroduced jnternally into a ring-like horizontal shelf on which rests the

©hase of hydranth.
) Y 3 ;R
__@h)-Bla'stasty;lmwaﬂg*“m‘ = TECk=y e
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d{'[mlmucs cardiae muqclcs .Sw(,re pain, 111ne-=.f;. and even death in human

-_—

. beings ~may occur (lue Lﬂ' the 1njury mﬂchud by siphonophores ﬂl’{l

" scyphomedusae.
“Thus, \Tcmatocyst.s are extremecly efficient weapons and are not only uscd for

defense and for tmmuhllmng, and killing the prey but also play a very important

role 1n locomoltion.

Coral reefs and their formation

Corals

Coral animals or corals are marine, mostly colonial polyploid coclenterates,

" looking like miniature sea anemones afd living in a skeleton of their own. Their
caleareous or horny skeleton is also commonly known as.coral. The.coral colony
grows continuously n size by budding ol the polyp and often forms coral reefs
_and.coral islands llcccfding to V:ulglmn (:1‘]17), 1 Lnt‘ﬂl reef is a ridge or mound
of Iime stone, the upper surface of which 1s near thc 5111'!’.1(:13 af‘th-e :,{;.1-:1;—1:1- ;t.-];
formed of Calcium carbonate by the action of organisms, chiefly corals,” The coral
reefs are banks of coral rocks built upoen the sea-bottom, about the shores of
tropical islands. They are confined t.u Zones c;xtgfmlipg'_alguut 28 degree on either
side of the equator. They secrete calcareous skeleton, which along with the shells
of molluscs echmcderms annehds and foramlmferas get cemented to;,etht.r

mtu a cempact mck by encrustmg ergamsms and by depos:tmg ln:ne in EDUlSE of

time assume huge size. -

Kinds of coral reefs
The coral recfs are mainly of three types:

(1) Fringing Reef: Coral reefs lying close to the shores of some volcanic island
or part of some continent are called fringing reefs. A fringing reef may extend out
to a distance of a quarter mile from the shore with the most active zone of the
coral growth [acmg the sea. This seaward zone is commonly called the edge or
front. A sha]low water channel 50 to100 meters broad, lies between the reef-
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- Ascon type: _

It is the simplest type of canal system and is found in Leucosolenia. The canals
originate from certain pores or oslia, present on the surface of the body wall and
lead directly into the spongocoel. "Spongocael 1s lined by flagellated uhoanocyte

cells. Spongocoel opens to outside through a narrow circular opening, the

osculum located at the distal free end. The cpurss;_nf water ‘current 1s as -_.mrler_::?
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- This type of canal system is a more complex system of pores and canals and is

characterlstlc of syconoid sponges, like Scypha and Grantia. It can be

theoretically derived from the asconoid type by hnnznntal folding of its.

:r'wall Body wall of syconoid sponges includes two
d alternating with-each-other. Both=typ

" radial, paralleling an
nnected by minute pores. Incurrent pores or

?"blm ly 1“ bad}' wall but are mterconne ! 40
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Sporogony in Plasmodium. (A) Macrogamete.and microgamete

(B) Fusion of gametes (C) Zygote (D) Ookinete (E) Stomach of female

Anopheles showing oocyst (F) Development of s )
. : poroblast (G) Fo t
of sporozoites (H) Liberatian of sporozoites (G) Formation
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shell, which sccretes a new shell. This double-shelled orgar
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cudopodia _ .

ucture of Pseudopodia- Pseudopodia, also known as [false feet,

1porary- structures formed by the streaming flow

of cytoplasnr. They are
rtypes:

Types of Psevdopodia
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