Algae: ol
General Characters e g

Algae comprise a group of chlorophyll containing thalloid plants of the simplest

type, having no true roots, stems, leaves or leaf like organs. They are placed in the

Division Thallophyta along with fungi. They differ from fungi in the presence of

photosynthetic pigment - chlorophyll and in their mode of nutrition. Although most

of the algae are autotrophic, ie., they synthesize their food by themselves, yet

heterotrophic and holozoic forms are not uncommon. The important distinguishing

features of algae are as follows:

(1) They are mostly chlorophyll containing autotrophic thalloid plants.

(2) They occur in a variety of habitats, but majority of them are aquatic.

(3) The plant body does not show differentiation into various tissue systems.

(4) They have mostly unicellular sex organs without a jacket of sterile cells around
them. Jacket cells, if present, have different initials. There is a progressive

complexity in reproduction.
(5) Embryo is not formed after gametic union.
(6) They show distinct alternation of generation.

Algae are of universal occurrence and they are found in a variety of habitats, such
as freshwater, sea water, on snow, on rocks and on/or within the plant and animal
bodies. Of these, aquatic forms are most common. On the basis of habitat, they may
be classified into the following three groups:

(1) Aquatic algae

(2) Terrestrial algae
(3) Algae of unusual habitats

[I] Aquatic algae

are found in fresh water or in saline water of the sea.
ter forms. These forms occur in fresh water (low salinity water) of
etc. Some fresh water forms like Cladophora, Oedogonium,

Aquatic forms
1. Fresh wa
ponds, pools, lakes, rivers,
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2]l o ing walter,
Ulothrix and Chara are found in SIow wnnmgvﬂmr
whereas others like Chlamydomonas, YOIVO™

Hydrodictyon and Spirogyra occur 1n stagnant vra!.er '
_ N Niari ne forms. These forms occur 1n sd;;nf?
water of the sea and are repr:csentcd by the mem. TS
of Phaeophyceae (e.g., Ectocarpus, ISarggsmm.
Fucus) and Rhodophyceac (c.g..‘Pa{v.w,r‘Jhoma). _
The aquatic algae are eﬂh{:l‘ free-floating
(e.g., Chlamydomonas, Volvox, Spirogyra) or are
attached to a substratum with the help of an
attachment disc, known as holdfast
(e.g.. Oedogonium, Ulothrix). Many free-floating
algae, together with other similar organisms, form
colonies on the surface of water which are called

water blooms or phytoplanktons.

Algae like  Dictyosphaerium, Fragilaria,
Cosmarium, Volvox, Asterionella and Golenkinia are
commonly found in fresh water planktons, whereas
Actinocyelus, Chaetoceros and Coscinodiscus are
common in marine planktons.

During night planktons utilize oxygen dissolved
in water and as such submerged aquatic organisms
do not get sufficient oxygen for respiration. Besides,
phytoplanktons also prevent atmospheric oxygen
from dissolving in water, thus making the habitat
unsuitable for submerged aquatic life.

Many algae are found attached to rocks along
the edges of lakes and seas and these forms are
called phytobenthos.

[II] Terrestrial algae

Some algae are found in terrestrial habitats like soils,
rocks, logs, etc. Forms like Vaucheria, Botrydium,
Fritschiella and Euglena, which are found on the
surface of the soil, are known as saphophytes,
whereas many blue-green algae (e.g2., Nostoc,
Anabaena), which occur under the surface of the
soil, are called cryptophytes.

Some algae are also found on tree trunks and
moist walls, and they absorb carbon dioxide and
water from the atmosphere (e.g., Protococcus,

Scytonema).
[I1I] Algae of unusual habitats

In addition to aquatic and terrestrial habitats, some
algae also occur in uncommon habitats.

1. Halophytic algae. There are many algae
which occur in saline water of seas, but some others

N
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can withstand high concentration of salts and o
in salt lakes. They are called halophyteg f‘tr
include Chlamydomonas ehrenberyii, Dunalie '
Stephanoptera.

2. Epiphytic algae. Th_e_v grow on larger algae
or on bryophytes and angiosperms. For examp)
species of Bulbochaete, Oedogonium and Micr.«;,;plzf.
are found attached to the larger species Oa_

. ; S o
Cladophora,  Rhizoclonium  and Vaucheri,
Bryophytic and angiospermic flora of rivers and
lakes harbour many algal members on their surface,
Algae with mucilagenous thalli like Chaetophor,,
Oedogonium and  Zygnema are epiphytic oy
Achnanthes, Eunotia, Synedra, etc.

3. Epizoic algae. Many algae grow on animas
like snails, fishes and tortoise, and they are knowp
as epizoic. For example, Cladophora crispata grows
on snails, and species of Stigeoclonium are found
in the gills of fishes. Similarly, species of
Characiopsis and Characium are found on the leg
of Branchipus.

4. Endozoic algae. Algae which occur in the
tissues of animals are known as endozoic. For
example, species of Zoochlorella are found in Hydra
viridis. Besides, several species of the family
Oscillatoriaceae (blue-green algae) occur in the
respiratory and digestive tracts of vertebrate animals.

5. Symbiotic algae. Several members of
Chlorophyceae and Cyanophyceae form symbiotic
association with fungi, bryophytes, gymnosperms and
angiosperms. Lichens are important example of
symbiotic life and their algal components belong to
Cyanophyceae (e.g., Nostoc, Gloeocapsa, Microcystis)
or Chlorophyceae (e.g., Coccomyxa, Chliorella,
Protococcus). Colonies of Nostoc and Anabaena are
found in symbiotic association in the thallus of
Anthoceros and the coralloid roots of Cycas.

6. Cryophytic algae. Algae growing on ice or
snow are called cryophytic. These algae provide
attractive colours to snow covered mountains. The
alpine and arctic mountains become red due to the
growth of Haemotococcus nivalis, Green snow in
Europe is due to Chlamydomonas vyellowstonensis
and species of Mesotaenium.

Sometimes snow becomes black due to Scotiella
nivalis and Raphidonema brevirostri and brownish
purple due to Ancyclonema nordenskioldii.

7. Lithophytic algae. Algae growing on moist
rocks and stones are known as lithophytic. Many
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blue- , :

Iszem algae like Nostoc, Rivularia and
cfpsa commonly grow on moist and
rocks. Scytonema is common il e
rainy season. o men

8. Parasiti S
;’oghrlnany plamscazhgz::;i :::ﬁiu, also grow as parasites
plan;r:;fhyceae) causes red rust in tea and coffee
g n: Phyllosiphon  (Chlorophyceae) is a
o8l n the ‘Ie‘aves of Arisarum vulgare.
pho P onia Jastigiata (Rhodophyceae) is a
rm;)arasue on Ascophyllum nodosum.

men.m';:::mophyte!_; (Thermal algae). Many blue-
clongane ;.g.. Oscillatoria brevis, Synechococcus
o » Heterohormogonium sp., Haplosiphon
ignosum) are found in hot water springs (50-70°C)
They are able to survive such high temperaluref;
due to the absence of well organised nucleus. Since
most hot springs are alkaline, some algologists
bclle\.fe that tolerance to high temperature is also
associated with this factor.

U walls during

Cephaleuros virescens

RANGE OF THALLUS STRUCTURE

Thg vegetative structure of algae shows a wide
variety and it ranges in form from unicellular to
complex multicellular thalli. Their size ranges from
one micron to several meters. On the basis of thallus
organisation, algae are divided into the following
five groups:
(1) Unicellular forms
(2) Colonial forms
(3) Filamentous forms
(4) Siphonaceous forms
(5) Parenchymatous forms

Multicellular forms have been derived by
repeated divisions of unicellular forms. Colonial
forms are developed by the aggregation of the
products of cell division within a mucilage mass.
Filamentous forms are formed by repeated transverse
s of cells without separation of daughter
cells. Repeated nuclear divisions, without cross wall
formation, give rise 1O siphonaceous ~ forms.
Parenchymatous thalli are formed by the division of
cells of a filament in two or more planes.

division

(1] Unicellular forms

Simple unicellular forms are found in all groups of
hyceae and Phaeophyceae. These

algae except Charop .
forms are sometimes referred to as acellular since
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they function as complete living unit without any
cellular differentiation. Unicellular forms can be
classified into the following four sub-groups.

1. Rhizopodial unicells. These forms lack a
rigid cell wall. They possess cytoplasmic projections
which help them in amoeboid movement. In the
absence of rigid cell wall, these forms are periplastic;

e.g., Rhizochrysis (Chrysophyceae), Rhizochloris
(Xanthophyceae), Chrysamoeba (Chrysophyceae;
Fig. 1A).

2. Flagellated unicells. Flagellated vegetative
cells are found in all groups of algae except
Cyanophyceae, Phacophyceae and Rhodophyceae.
They vary in the number and type of flagella. For
example, in Chlorophyceae, vegetative cells,
zoospores and gametes have two equal flagella. Their
number may sometimes vary. In Dinophyceae and
Xanthophyceae there are two unequal flagella; in
the former they emerge in different planes and in
the latter in the same plane. In Euglenophyceae there
is only one flagellum, inserted at the anterior end.

Flagellated unicells may be periplastic without
cell wall (e.g.. Euglena) or with a distinct cell wall
(e.g., Chlamydomonas). In Phacotus (Chloro-
phyceae), there is a thick calcareous covering
(capsule) around the cell wall (Fig. 1 B-D).

3. Spiral filamentous unicells.  Some
unicellular algae form spiral or coiled structures,
e.g., Spirulina (Cyanophyceae; Fig. 2 A).

4. Non-motile unicells. These are non-motile
coccoidal algae which do not possess flagella, eye
spot, etc., meant for locomotion. The simplest non-
motile forms are found in Cyanophyceae where they
do not possess well organised nucleus and plastids
(prokaryotic), e.g., Chroococcus. The non-motile
unicells of Chlorophyceae possess nucleus and
plastids (e.g.. Chlorella; Fig. 1 E). The non-motile
unicells of Bacillariophyceae, such as diatoms, are
made up of two halves or theca, joined by a girdle

band (Fig. 2B).
[II] Colonial forms

The colonial habit is achieved by aggregation of
the products of cell divisions within a mucilagenous
mass, by aggregation of motile cells or juxtaposition
of cells subsequent to cell divisions. Therefore, all
members of a colony have similar structure. These
associations are usually loose, and as such a colony
may break into smaller pieces. In some colonial



_ flagella 1
chromatophore <

! L cell
/51 o 0 wall
,C;)}’-I _ ove
j~rhizopod &’a:’,’/
A B \\f chloroplast

Fig. 2 A-B. Unicellular algae: A. Spirulina, B. Pinnularia.

forms, all members of a colony are connected with
each other by cytoplasmic connections, hence they
cannot break into segments (e.g., Volvox). On the
basis of morphology, colonial organisation may be
divided into the following four types:

1. Coenobial. A colony with a definite shape,
size and arrangement of cells is known as
coenobium. The number of cells in a coenobium is
determined at the juvenile stage and subsequently
there is only increase in size. Coenobia may be

gelatinous
matrix

N
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motile or non motile; in the former cells are
flagellated (e.g., Pandorina, Eudorina, Volygy.
Fig. 3A-C) and in the latter without ﬂage[le‘l
(e.g., Hydrodictyon; Fig. 3 D).

2. Palmelloid. Unlike coenobial forms, in a
palmelloid colony the number of cells, their shape
and size is not definite. The cells remain irregularly
aggregated within a common mucilagenous matrix,
but they are independent and function as individuals.
In some palmelloid forms it is a temporary phase
(e.g., Chlamydomonas), whereas in others it is a
permanent feature as in Tetraspora (Chlorophyceae),
Aphanotheca (Cyanophyceae; Fig. 4 A-B).

3. Dendroid. Here the colony looks like a
microscopic tree. As in palmelloid colony, the
number, shape and size of the cells is also indefinite
in dendroid colonies. A mucilagenous thread is
present at the base of each cell, and the threads of
different cells are united to form a branched
structure. It gives a tree like appearance to the whole
colony (e.g., Chrysodendron, Chrysophyceae;
Fig. 4 Q).

4. Rhizopodial. In a rhizopodial colony
the «cells are united through rhizopodia
(e.g., Chrysidiastrum, Chrysophyceae; Fig. 4 D).

Fig. 3 A-D. Colonial algae: A. Pandorina, B. Eudorina, C. Volvox, D. Hydrodictyon.
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Fig. 4 A-D. Colonial algae: A. Tetraspora, B. Aphanotheca, C. Chrysodendron, D. Chrysidiastrum.

[Il] Filamentous forms

Filamentous forms are developed by repeated
transverse divisions of cells. The daughter cells do
not separate and they remain attached one upon the
other in a definite sequence to form a filament. The
filaments may be branched or unbranched, and
the cells in a filament may be arranged in a single
row (uniaxial) or more than one rows (multiaxial).

1. Unbranched filaments. Simple unbranched
filaments are found only in a few groups of algae.
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Fig. 5 A-C. Filamentous algae: A. Spirogyra,
B. Ulothrix, C. Qedogonium.

Such filaments may be free floating (e.g., Spirogyra;
Fig. 5 A), attached to some substratum
(e.g., Zygnema, Ulothrix, Oedogonium; Fig. 5 B-F)
or form colony (e.g., Nostoc, Oscillatoria;
Fig. 6 A-B).

2. Branched filaments. Branched filaments are
formed by repeated transverse divisions of lateral
outgrowths of cells. The branching of ﬁlamenm? may
be false or true. A false branch does not arise as
lateral outgrowth, but the trichome may break either
due to death or decay of intercalary cells or at the
point of heterocyst. The broken end emerges out of
the mucilagenous sheath in the form of a branch,
e.g., Scytonema (Cyanophyceae; Fig. 7 A). False
branches in Scytonema arise almost always in pairs
at some distance from the heterocyst.

True branches, which arise as lateral outgrowths,
may result in the following three types of filaments:
(@) Simple filaments. Simple branched filaments
remain attached to the substratum by a basal cell.

ucilagenous
sheath

SEET

Fig. 6 A-B. Filamentous algae: A. Oscillatoria, B. Nostoc.



false branch

E

Algae: General Char,,
L‘erﬁ

secondary
projecting
system

projecting system

i\
\h— unilocular

%‘g sporangium
)
N

A -
% K7, plurilocular
/4, sporangium

n

¥

t discoid thallus

Fig. 7A-F. Branched filamentous algae: A. Scytonema (false branching), B. Cladophora (simple
branching), C. Friischiella (heterotrichous), D. Draparnaldiopsis (heterotrichous), E. Coleochaete

(heterotrichous), F. Ectocarpus (heterotrichous).

In such filaments branches may arise from any cell
except the basal cell. In Cladophora branches
arise just below the septa between two adjacent cells
(Fig. 7 B).

(b) Heterotrichous. In this type the thallus is
very much evolved and differentiated into prostrate
and erect systems (e.g., Fritschiella, Ectocarpus,
Draparnaldiopsis, ~ Coleochaete, Stigeoclonium).
Both the prostrate and the erect systems may be
well developed (e.g., Fritschiella, Ectocarpus;
Fig. 7 C, F) or there is progressive elimination of
prostrate (e.g., Draparmaldiopsis) or  erect
(e.g., Coleochaete) system (Fig. 7 D, E).

(¢) Pseudoparenchymatous. In many filamentous
forms one or more central or axial filaments, together
with their branches, form a ‘parenchymatous
structure. If a pseudoparenchymatous thallus is
formed by the branches of only one filament, it 1s
called uniaxial (€.g., Batrachospermum), and if
branches of more than one filaments are involved,

it is said to be multiaxial (e.g., Polysiphonia:
Fig. 8 A-C).

[IV] Siphonaceous forms

Here the thallus is made up of branched, aseptate,
coenocytic, tubular filaments as the nuclear divisions
are not accompanied by wall formation,
e.g., Vaucheria and Botrydium (Fig. 9 A-B).

[V] Parenchymatous forms

In this type the flat foliose or tubular thalli are
formed by the divisions of cells in two or more
planes. The daughter cells do not separate from the
parent and give rise to parenchymatous thalli of
various shapes, like flat (Ulva; Fig. 10 A), tubular
(Scytosiphon, Phaeophyceae) or complex(Sargassum:
Fig. 10 B). The growth of such thalli is apical
(e.g.. Fucus, Dictyota), intercalary (e.g., Laminaria)
or trichothallic (e.g., Porphyra, Rhodophyceae).
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iig. 13 A-B. Acronematic flagella:
. An a}lgal cell with acronematic flagella,
B. A single acronematic flagellum.

[II] Flagella

Motile vegetative or reproductive cells are found in
all groups of algae except Cyanophyceae and
Rhodophyceae. Their motility is due to small filiform
(thread like) protoplasmic appendages, called
flagella. The number of flagella varies from one to
four to many (Oedogonium, Vaucheria). They are
mainly of the following two types:

1. Whiplash or acronematic flagella. Such
flagella have a smooth surface (Fig. 13 A, B).

2. Tinsel or pleuronematic flagella. The
surface of these flagella is covered with fine
filamentous appendages, known as mastigonemes Or
flimmers (Fig. 14 A). They are further divided into
three categories on the basis of arrangement of
mastigonemes.

(a) Pantonematic. In this type mastigonemes are
arranged in WO opposite rows Of show radial
arrangement (Fig. 14 B).

(b) Pantocronematic. Ap
with a terminal fibril is known as
(Fig. 14 O).

(c) Stichonematic. Here '
only on ene side of the flagellum (Fig. 14 D).

A motile cell may have either one Of two types
of flagella. It is 2 specific character. Ii: all flagella
of a cell are similar, it is known as isoknot and
when dissimilar, it is called heteroknot.

The motile stages of Chlorophyceae POSSess i
or four anteriorly :serted whiplash flagella of equal

length; whereas the mem

antonematic flagellum
pantocronematic

mastigonemes develop

bers of Phacophyceae and

[ 13

|

A B C D

Fig. 14 A-D. Pleuronematic flagella: A. A pleuronematic
flagellum showing mastigonemes, B. A cell with two
pantonematic flagella, C. A cell with pantocronematic
flagellum, D. A cell with stichonematic flagellum.

Xanthophyceae have one whiplash and one tinsel

flagellum of unequal length.

A transection of flagellum reveals that it consists
of nine peripheral doublet and two central singlet
fibrils (Fig. 15). All fibrils are enclosed within a
common covering, formed by the extension of
plasma membrane, but the two central fibrils have
an additional covering of their own. The peripheral
as well as central fibrils extend almost throughout
the length of the flagellum. The nine peripheral
fibrils at the proximal end are attached to a hollow
basal body (which is separated from the flagellum
by a diaphragm). The two central fibrls terminate

just short to the diaphragm.

periheral
fibrils

axial (central)
fibrils

Fig. 15. Transection of a flagellum.



16 ]

reservoir, and (iii) a group of vacuoles of varying
sizes (Fig. 17). All these parts work in close
coordination. These vacuoles are characteristic of
Dinophyceae and Euglenophyceae.

Vacuoles act as the main osmoregulatory
organ in the cell and help in regulating the
absorption of water and solutes. In holozoic
forms. the cytopharynx of complex vacuoles serves
as gullet. Sometimes, vacuoles also store reserve
food materials such as  laminarin  and

chrysolaminarin.
[IX] Gas vacuoles

These gas containing cavities are characteristic of
the mature healthy cells of Cyanophyceae. They
occur as stacks of small transparent cylinders of
uniform diameter. Their walls are freely permeable
to gases. They render buoyancy to planktonic forms.
They also act as a screen against intense light.

[X] Pigments

Algal cells have a characteristic colour due to the
presence of a combination of pigments, specific to
each class. In all classes, except Cyanophyceae, these
pigments are present within membrane bound
organelles, known as plastids. In blue-greens, the
pigments are concentrated in the peripheral
cytoplasm, known as chromoplasm. Plastids are of
the following two types:
1. Leucoplast. These are colourless plastids.
2. Chromoplast. These are coloured plastids;
those containing both chlorophyll a and chlorophyll
b are called chloroplasts and those lacking
chlorophyll b as chromatophores.
Different forms of chromatophores occur in
algae. The following are the main types:
(1) cup-shaped, e.g., Chlamydomonas and Volvox.
(2) discoid, e.g.. Vaucheria, Chara and centric
diatoms.
(3) girdle-shaped, ¢.g., Ulothrix.
(4) reticulate, .g.. Oedogonium, Hydrodictyon and
Cladophora.
(5) spiral, e.g., Spirogyra.
(6) stellate, e.g.. Zygnema.
The various types of pigments found in the algal
cell are given below.
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1. Chlorophyll. Ther
chlorophylls, viz. chl q, b?ca:? anfii\'c types of
chlorophyll @ is present in . ¢. Of these,

_m all groups of al
chlorophyll & only in  Cper ll: of algae,
Euglenophyceae, chlorophyll ¢ | opiiyccac  and

: - argely in algae of
marine habitats  (Phaeophyceae, Cryntophieeis
Bacillariophyceae and Chrysophyceae), chlorophyll
d in some red algae only as a trace constituent and
chlorophyll e in certain Xanthophyceae sych
Vaucheria hamata and Tribonema bombycinum as

2. Xanthophyll.* More than 20 types‘ of
xanthophylls are known. They are formed by the
incorporation of molecular oxygen into carotene
molecule. Many xanthophylls, common in higher
plants (lutein, violaxanthin, and neoxanthin), are
found in the members of Chlorophyceae and
Phaeophyceae. Fucoxanthin is the main xanthophyll
pigment of Phaeophyceae and diatoms whereas
myxoxanthophyll, myxoxanthin and oscilloxanthin are
found only in Cyanophyceae.

3. Carotenes. These are oxygen free alicyclic
compounds, composed of isoprene units. The five
types of carotenes occur in algae are: a -carotene
in Chlorophyceae; Cryptophyceae and Rhodophyceae;
B-carotene in all algal  groups,  except
Cryptophyceae, ~c-carotene in  Chlorophyceae;
E-carotene in Bacillariophyceae, Cryptophyceae,
Phaeophyceae and Cyanophyceae and flavacene in
members of Cyanophyceae.

4. Phycobilins. These are water soluble
complexes of protein and bile pigments, present in
the photosynthetic tissue of plants. Phycobilins are
red (phycoerythrin) and blue (phycocyanin) pigments
which are confined to Rhodophyceae and
Cyanophyceae respectively. They act as light
harvesting pigments in photosynthesis and the light
absorbed by them is transferred to chlorophyll a.
Thus, like carotenoids, phycobilins are also accessory

pigments.
[XI] Pyrenoids**

Pyrenoids are proteinaceous bodies present in
chromatophores. These organelles are considered (0
be associated with the synthesis and storage of
starch. In members of Chlorophyceae, pyrenoids are
surrounded by starch plates. But in some algae such
as diatoms, they accumulate lipids instead of starch.

« Carotenes and xanthophylls together are known as carotenoids. Carotenoids are accessory pigments

& N P IViEs + - .
** Pyrenoids may anse de nove or by the division of pre-existing pyrenoids. They are absent in blue-green algae
J G 2 oJdC.
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REPRODUCTION

The propagation in algae takes place by vegetative,
asexual and sexual methods.

Vegetative Reproduction

The vegetative reproduction includes all those
processes of propagation in which portions £ the
plant body become separated off to give rise to
new individuals without any obvious changes in the
protoplast or in other words, it does not involve
rejuvenation of the protoplasts. It is the most
common method of reproduction in algae and takes
place by the following means:

1. Cell division or fission. It is the simplest
method of propagation and is commonly found in
unicellular algae (e.g., Euglena, Chlamydomonas),
desmids and diatoms. In this process, the unicellular
algal cell divides mitotically to form two daughter
cells, each eventually grows into an independent
organism. |

2. Fragmentation. In filamentous forms like
Ulothrix, Oedogonium, Spirogyra and Zygnema the
thallus often breaks into small fragments. Each
fragment has the capability to grow independently
and forms a new thallus. The fragmentation of
filaments may be due to mechanical pressure,
dissolution of transverse walls or difference in turgor
pressure between adjoining cells. In colonial blue-
green algae, vegetative propagation takes place by
fragmentation of larger colonies.

3. Hormogonia. It is a characteristic method
of reproduction in blue-green algae. Under
unfavourable conditions the trichome breaks 1nto
motile segments —of  varying length, called
hormogonia. The fragmentation of parent filament
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into hormogonia may be due to the formation of
intercalary heterocysts, specialized separation discs
or necridia or due to death and decay of intercalary
cells of the trichome. Hormogonia are commonly
found in Nostoc, Oscillatoria and Cylindrospermum.

4. Formation of adventitious branches.
Adventitious branches are formed in some large
thalloid forms of algae. These branches, when get
detached from the parent thallus, develop into
new plants (e.g., Dictyota, Fucus). Adventitious
branches like protonema, formed on the internodes
of Chara or stolon of Cladophora glomerata, are
found.

5. Tubers. On the rhizoids and the lower nodes
of Chara some tuber like structures are formed due
to storage of food material. When detached from
the parent plant, the tuber produces an independent
plant. Similar structures are also found 1n
Cladophora.

6. Budding. In some algae (e.g., Protosiphon)
vegetative propagation takes place by budding. Bud
like structures are formed due to proliferation of
vesicles. They eventually get separated from the
parent plant by the formation of the septum, and
have the capacity to form plants.

Asexual Reproduction

Asexual reproduction involves rejuvenation of the
protoplast and the reproductive bodies are either
naked or provided with a newly synthesized wall of
their own. Further, it is accomplished by using
specially differentiated cells that are capable of
multiplying directly the alga without fusing with
other cells. In some aspects, it is very similar to
vegetative reproduction as both are accessory means
of propagation and are not concerned with bringing
together in one cell lineage the genes from different
cell lineages. In general, it is a process whereby the
protoplast is released from the algal cell and
germinates to form a new plant. Asexual
reproduction takes place by a variety of motile or
non-motile spores (cells that germinate without fusing
and form new individuals). These spores may be
differentiated into the following broad categories on
the basis of their structure.

1. Zoospores. These are motile, naked
structures  with  two (e.g., Chlamydomonas,
Ectocarpus), four (e.g., macrozoospores of Ulothrix)
or many (e.g., Oedogonium, Vaucheria) flagella. The
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flagella are usually inserted anteriorly, but are lateral
in some brown algae. The zoospore has a bit of
chloroplast and an eye spot. The cell forming
zoospore is known as zoosporangium. The protoplast
of zoosporangium may form a single zoospore
(e.g.. OQedogonium, Vaucheria) or undergoes repeated
divisions and each segment forms a zoospore
(e.g.. Cladophdra). Zoospores are haploid or diploid.
They are liberated by dissolution of parent cell wall
or through a terminal pore. They are usually formed
during the night and are liberated early in the
morning. After liberation, they rest for sometime
and then germinate to form new individuals.

2. Aplanospores. These are non-motile spores,
commonly found in terrestrial algae, but some
aquatic algae (e.g., Ulothrix, Microspora) also form
them during drought conditions. They differ from
zoospores in having a distinct wall and in the
absence of flagella. Each cell may form a single
aplanospore or its protoplast may divide to form
many aplanospores.

3. Hypnospores. Aplanospores of some algae
like Pediastrum and Sphaerella secrete thick walls
to overcome prolonged period of desiccation. Such
thick walled aplanospores are called hypnospores.
Under favourable conditions, hypnospores germinate
and grow into new individuals or their protoplast
may form zoospores. The hypnospores of
Chlamydomonas nivalis are red in colour due to
the deposition of a pigment, haematochrome, in their
walls.

4, Tetraspores. Diploid plants of some algae
(e.g., Polysiphonia) form non-motile spores which
are called tetraspores. They are formed within
tetrasporangium, usually by meiosis, and are haploid.
They germinate to form haploid plants.

5. Autospores. The aplanospores with a
structure similar to the parent cell are called
autospores. In Scenedesmus and many members of
the order Chlorococcales (e.g., Chlorella) the
aplanospores acquire all distinctive features of the
parent cell before their liberation from the
sporangium. The so formed autospores are infact
replica of the parent cell, the only difference is that
they are smaller in size.

6. Akinetes. In some algae vegetaiive cells
develop into thick walled spore like structure with
apundant food reserves. These are called akinetes.
Unlike aplanospores, akinetes always have additional
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wall lavers around the protoplast which are fy,,
with tilc parent wall. They are resistant
unfavourable  environmental  conditions.  The
formation of akinetes, besides other factors, is
affected by the availability of carbohydrates and
light. They are found in many blue-green and green
algae.

7. Exospores and endospores. In many blue-
green algae the protoplast divides to form special
type of non-motile spores, known as exospores and
endospores. The cell that produces endospores
becomes somewhat enlarged and its contents divide
successively in three planes, forming four to many
endospores (e.g., Dermocarpa). The exospores are
formed externally; the protoplast of the cell comes
out through a terminal pore and successively cuts
spherical spores (e.g., Chamaesiphon).

Sexual Reproduction

All groups of algae, except Cyanophyceae, reproduce
sexually when gametes fuse to form zygote. In
contrast to vegetative and asexual reproduction, it
leads to the creation of new combinations of genes
by pooling together in one line of descent, the genes
derived from the different parents, thus resulting in
a reshuffling of the gene material. On the basis of
the structure and physiological behaviour of sex
organs and their complexity, the following six types
of sexual reproduction are recognised in different
groups of algae.

1. Autogamy. When two gametes of the same
mother cell fuse to form a diploid nucleus, it is
called autogamy. In this process there is only
karyogamy (fusion of two gametic nuclei). The
autogamy lacks incorporation of external genes.
Hence, plants developing as a result of autogamy
do not show new characters. Diatoms are the
common example of autogamy.

2. Hologamy. In some unicellular forms
(e.g., Chlamydomonas, Dunaliella) the vegetative
cells of different strains (+) and (-) (female and
male) behave as gametes and fuse to form zygote.
From evolutionary point of view hologamy is more
advanced than autogamy, as it involves fusion of
two cells having different genetic constitution. But
hologamy is an inefficient process from the point
of view of propagation, as two vegetative cells fuse
to form only one zygote.



3. Isogamy. In isogamy the two gametes which
fuse to form zygote, are morphologically and
physiologically similar. Such gametes are called
1sogametes, as they are indistinguishable into plus
and minus strains. They are usually motile and
flagellate. Isogametes are found in Ulothrix,
Chlamydomonas eugametos, etc.

4. Physiological anisogamy. In some algae like
Spirogyra, Zygnema and Ectocarpus, though gametes
are similar in morphological characters, they show
physiological variation with plus (+) and minus (-)
strains.

5. Anisogamy. In anisogamy fusion takes place
between morphologically and physiologically distinct
gametes (anisogametes). The male or microgametes
are smaller and more active, whereas the female or
macrogametes  are  larger  and sluggish.
Chlamydomonas braunii and Pandorina are common
examples of anisogamy.

6. Oogamy. This is the most advanced type of
sexual reproduction. In this process a large non-
motile egg or ovum fuses with a small motile sperm
or antherozoid (in Rhodophyceae, sperms are non-
motile). Egg is formed within the oogonium and
sperms within the antheridium. Volvox, Oedogonium,
Chara, Vaucheria, Sargassum, Batrachospermum
and Polysiphonia are common examples of

oogamy.



- TYPES OF LIFE-CYCLE

The growth and development of an alga passes
through a number of distinct morphological and
cytological stages. The sequence of these orderly
changes is said to be life cycle or life history. In
other words, the sequence of all the different phases
or events, through which an organism passes from
the zygote of one generation up to the zygote of
next generation, is known as its life-cycle. The
union of male and female gametes results in the
formation of zygote. As there is doubling of
chromosomal complement in zygote, it represents

diploid state.
In some groups the original chromosome number

is achieved by meiotic division of the zygote
nucleus. Thus on germination the zygote produces
haploid plants. In others, the zygotic nucleus divides
mitotically and the resulting cells form a diploid
phase, which later produces cells which are capable
of meiotic division.

The various types of life-cycle met among algae

can be broadly classified into the following five
categories.
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Fig. 18. Life-cycle pattern: Haplontic type.

Haplontic Type

In this type, plant is haploid and bears haploid
gametes in the gametangium. The gametic fusion
results in the formation of a diploid zygote which
is the only diploid phase in the life cycle. The
zygote nucleus divides meiotically to produce four
meiospores, each of these develops into a new
individual. Thus there is an alternation of a haploid
plant with a diploid zygote. This type of life-cycle
occurs in the motile unicellular  forms
(e.g., Chlamydomonas) and most multicellular green
algae like Ulothrix, QOedogonium, Spirogyra,
Zygnema and Chara (Fig. 18).

Diplontic Type

Here the plant is diploid and it bears sex organs
(gametangia) which are also diploid. The reduction
division takes place at the time of the formation of
gametes anc_l as such the gametes are haploid. After
gametic fusion diploid stage is re-established in the
form of zygote (Fig. 19). The zygote does not
und?:rg(? any reduction division and it gives rise t

a diploid plant body. Thus, there is an alternati .
of a diploid plant with haploid gametes The amotes
represent the only haploid stage in the: life -gm?etes
the plant. This type of life-cycle js found :rT Cs:m(-:i

members of Chlorophyceae (¢
glomerata) and  Phaeophyceae gﬁ(ef adapphora
Sargassum) and  nearly-all Bacilla;ioph:;:a::

(diatoms).

Algae: General Char,%‘ ‘
SPOROPHYTE

(2x) \

germination

N\
fertilization
ZYGOTE

(2x)

Fig. 19. Life-cycle pattern: Diplontic type.

Isomorphic Type

In this type of life-cycle, there is an alternation of
two generations which are exterally similar, but
one is haploid (gametophyte) producing gametes and
the other diploid (sporophyte) producing zoospores.
The zygote germinates directly into a diploid plant
without undergoing reduction division. Sporangia
develop on the diploid plant body and reduction in
the number of chromosomes takes place prior o
the formation of zoospores. The haploid zoospores
thus formed grow into haploid plants. Sex organs
develop on the haploid plants and these give ise 10
haploid gametes. The haploid gametes fuse to form
diploid zygote (Fig. 20). Isomorphic life cycle has

GAMETOPHYﬂ
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germination male  fe male
/ gamete gamete
- (x) (x)
O000
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haploid
meiospores
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/

~ zygote
SPOROPHYTE » (2
(2x)

Fig. 20. Life-cycle pattern: Isomorphic tyPe-
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Fig. 21. Life-cycle pattern: Heteromorphic type.

been reported in a number of green algae (e.g.,
Ulva, Enteromorpha, Cladophora, Draparnaldiopsis,
Fritschiella) and brown algae (e.g., Ectocarpus).

Heteromorphic Type

In this type of life-cycle, both diploid (sporophytic)
and haploid (gametophytic) plant bodies are
morphologically distinct (heteromorphic) and they
alternate with each other. Mostly the sporophyte is
large and the gametophyte small. Heteromorphic life
cycle is seen mainly amongst brown algae
(e.g., Dictyota, Laminaria, etc.). In Dictyota, there
is a difference in cell size between the gametophyte
and sporophyte, whereas in Laminaria, the haploid
plant body consists of minute filaments which
produce gametes, whilst the diploid plant body is a
large macroscopic plant (attaining a length of several
metres) bearing zoosporangia which produce
zoospores after reduction division. The haploid
zoospores ~ germinate  and produce  haploid
gametophytic plants. Haploid gametes are produced
in sex organs formed on gametophytic plants. The
gametes fuse to form a diploid zygote, which directly
germinates into a diploid sporophytic plant. Besides
heteromorphism of gametophyte and sporophyte
generations, there is also slight heteromorphism of
the male and female gametophytes, expressed as a
difference in cell size and degree of branching
(Fig. 21).

In genera like Cutleria and Urospora, haploid
gametophytic plants are larger whereas diploid
sporophytic plants are smaller in size.
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Triphasic Type

In triphasic life-cycle, there is a succession of three
generations. It may be of the following two types:

[I] Haplobiontic

In some Rhodophyceae like Batrachospermum and
Nemalion two well developed haploid phases are
present in the life-cycle. This type of life cycle is
called haplobiontic triphasic. The diploid phase is
represented only by the zygote. The plant body of
Batrachospermum is gametophytic which bears sex
organs (i.e., spermatangia and carpogonia). Haploid
gametes (spermatium and egg) are formed in these
sex organs. A diploid zygote is formed by the fusion
of two gametes.

Gonimoblast filaments are formed from the basal
part of the carpogonium; the uppermost cell of these
filaments functions as carposporangium. The first
division in the zygote nucleus is meiotic and as such
the gonimoblast filaments are haploid. The haploid
carposporangium bears a haploid carpospore. The
gonimoblast filaments, carposporangia and carpospores
are enveloped by numerous sterile filaments, and
together represent carposporophyte generation which
is haploid. On liberation, carpospores germinate into
heterotrichous chantransia stage. The projecting
filaments of the latter develop into new gametophytic
plant body (Fig. 22).

GAMETOPHYTE
o )
CHANTRANSIA \ \A
STAGE (x) male female
gamete gamete
/ (x) (x)
germination \ l

T

carpospores
5 J
\ ZYGOTE
GAFIPOSP(O)FIOPHYTE ()
X
B o
melosis

Fig. 22. Life-cycle pattern: Triphasic haplobiontic type.
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[II] Diplobiontic

In diplobiontic triphasic life-cycle there are two
diploid phases (carposporophyte and tetrasporophyte)
alternating with haploid gametophytic phase. This
type of life-cycle is well exemplified by Polysiphonia
(Rhodophyceae). Here, the haploid phase 18
represented by male and female gametophytic plants,
sex organs and gametes. The male and female
gametes fuse to form a diploid zygote. The zygote
produces gonimoblasts which represent an additional
diploid phase (carposporophyte). Diploid carpospores
are formed in the carposporophyte. On liberation,
the carpospore germinates to produce a diploid
tetrasporophytic plant. The tetrasporophytic plant
produces diploid tetrasporangia. Four haploid
tetraspores are formed in a tetrasporangium Dby
reduction division. Tetraspores give rise to haploid

gametophytic plants. The life cycle is thus completed
(Fig. 23).

Algae: General Characterg
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Fig. 23. Life-cycle pattern: Triphasic diplonbiontic type.




[II] Classification proposed by Smith

The classification of algae proposed by Smith (1933,
51, 55) is based on the physiological characteristics
of vegetative cells and the morphology of motile
reproductive cells. He divided algae into seven
divisions and then related classes were included in
each division.

The seven divisions of algae recognised by

Smith are as follows:
Division 1. CHLOROPHYTA. This division
includes about 6,750 species, of these 90% are fresh
water and the remaining 10% are marine.
Chlorophyll a and b are the dominant pigments; the
reserve food is starch. Motile reproductive cells are
usually bi- or quadriflagellate; flagella are equal, of
whiplash type and anteriorly inserted.

The following two classes were included in this
division.

Class 1. Chlorophyceae (grass-green algae;
e.g., Volvox, Ulothrix, Oedogonium).

Class 2. Charophyceae (stoneworts; e.g., Chara).
Division 2. EUGLENOPHYTA. There are 450
fresh-water or terrestrial species in this division. The
dominant pigments of these algae are chlorophyll a,
b and p-carotene, and their reserve food 1is
paramylum and fats. Motile cells may be uni-,
bi-, or triflagellate; flagella anterior, inserted into a
narrow gullet. Multiplication takes place usually by
cell division. This division has only one class.

Class Euglenophyceae (euglenoids; e.g., Euglena).
Division 3. PYRROPHYTA. There are about 1,030
species, mainly unicellular and rarely colonial forms.
The pigments are chlorophyll a, chlorophyll c,
B -carotene and xanthophylls; the food reserve is
starch and/ or oil. The cell wall is cellulosic. Motile
cells are usually with two anteriorly inserted unlike
flagella. Sexual reproduction is rarely present.

This division has been divided into the following
two classes. \

Class 1. Desmophyceae (dinophysids;
e.g., Exuviaella).

B R S i AL A L S SLY S ke
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Class 2. Dinophyceae  (dinoflagelloids;

€.8., Dinophysis, Dinastridium).
Division 4. CHRYSOPHYTA. This division is
represented by more than 6,000 species, about three-
fourth of which are fresh-water and one-fourth
marine. These algae are characterised by the
predominance of carotenes and xanthophylls. The
food reserve is leucosin and oil. The cell wall is
usually composed of two overlapping silicified
halves. Sexual reproduction is iso-, aniso- , or
0ogamous.

This division includes the three classes:

Class 1. Chrysophyceae (golden brown algae;
e.g., Chromulina).

Class 2. Xanthophyceae (yellow-green algae;
e.g., Botrydium).

Class 3.  Bacillariophyceae  (diatoms;

e.g., Pinnularia).
Division 5. PHAEOPHYTA (brown algae). There
are about 1,000 species of brown algae, mostly
marine. The dominant pigments are phycophein and
fucoxanthin; the assimilatory products are laminarin
(polysaccharide) and mannitol (alcohol). The cell
wall is cellulosic with fucinic and alginic acids.
Motile reproductive cells are pyriform with two
laterally inserted flagella, one of which is of tinsel
type. Sexual reproduction is iso-, aniso-, or
oogamous type.

This division has been divided into the following
three classes.

Class 1. Isogeneratae (e.g., Ectocarpus,
Sphacelaria, Dictyota).

Class 2. Heterogeneratae (e.g., Myrionema,
Laminaria).

Class 3. Cyclosporeae (e.g., Sargassum, Fucus).
Division 6. CYANOPHYTA (blue-green algae). This
division is represented by 1,500 species, mostly fresh
water. Some species are free-living, while others grow
on larger algae or within the tissue of other plants. -
The cell is prokaryotic; the nucleus lacks nuclear
membrane and nucleolus. In addition to other pigments,
they contain a blue (c-phycocyatiin) and a red
(c- phycoerythrin) pigment. The food is stored in the
form of cyanophycean starch. Motile stages are absent
but vegetative filaments of some forms show gliding
movements. Sexual reproduction is absent; asexual
reproduction  takes place by  hormogonia,
fragmentation, akinetes, etc.
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The members of this division are placed in a

single class, Myxophyceae or Cyanophyceae
(e.g., Nostoc, Anabaena, Oscillatoria).
Division 7. RHODOPHYTA (red algae). This
division includes about 2,500 species, mostly marine.
They have a predominance of r-phycoerythrin which
masks the other pigments to give them a distinctive
red colour. They store food in the form of floridean
starch. The thallus is non-motile and complex.
Sexual reproduction 1S oogamous; motile
reproductive cells are not found.

This division contains only one class,

Rhodophyceae (e.g. Batrachospermum,
Polysiphonia, Chondrus, Gracilaria).

P ———
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5 Chlamydomonas

~ Class ! Chlorophyceae
- Order : Volvocales
Family : Chlamydomonadaceae
Genus : Chlamydomonas

Chlamydomonas is a green alga. It is included in the class Chlorophyceae. The plant
body is motile and unicellular. Ehrenberg named the genus Chlamydomonas.

Occurrence

Chlamydomonas 1s a free-floating, freshwater green alga.

It is found in stagnant freshwaters of ponds, lakes, pools, etc.

It is common in polluted water rich in organic matter and ammonium compounds. It
provides green turbidity to the ponds and lakes.

Some species are marine. Eg. Chlamydomonas halophila.

A few species are terrestrial> N
Some species grow in snow fields and give the snow a characteristic colour. Eg.

Chlamydomonas nivilis and Chlamydomonas yellow stonensis.
Chlamydomonas is world-wide in distribution. It includes about 500 species. 18 species
of Chlamydomonas are found in India.
Examples
Chlamydomonas braunii
Chlamydomonas coccifera
Chlamydomonas grandistigma
Chlamydomonas eugametos
Chlamydomonas moewusii
Chlamydomonas monadina
Chlamydomonas subcaudata
Chlamydomonas iyengarii
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Fig. 5.2: Chlamydomonas - Electron Microscopic view.

Pyrenoid is the site of starch formation. It functions as a femporary storage for early
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Highlights
i Pyrenoids
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« It is spherical in shape.
« It has a central proteinaceous
« The number of pyrenoids 1$ 0D€
» In some species, the thylakoid mem
Functions . ,
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,r""’—'_
. Microtubular roots originate from the parade e
\ho different parts of the body, p smose. They are distributed tﬂ

R | Nutrition
| Chlamydomonas 18 autotrophic in nutrition.
| L o
It synthesizes its food from the carbondioxide dissolved in water using the sunlight. This
rocess 18 called photosyntkes.ts. 'I_hls mode of nutrition is known as phetoautotrophic.
The excess o_f food materi als is stored as starch plates around the pyrenoid.
C.dysosoms 1sa facultative heterotroph and can grow in dark in the presence of acetate as

5 carbon sOUrce.

Highlights
— Chlamydomonas

. Chlamydomonas is a motile, free- floating, unicellular green alga.
Itis included in the class Chlorophyceae.
It is enkaryotic. ‘

Chlamydomonas is a haploid gametophyte.
It is found in stagnant freshwaters of ponds, rivers, slow running streams,

- - - -

etc.

It is pear-shaped.

It is narrow at its anterior end and broad at the posterior end.

The anterior end bears two whiplash-type flagella.

It consists of an outer cell wall, a middle plasma membrane and an inner

protoplasm.
« The cell wall is made up of cellulose.
The plasma membrane lies below the cell wall.
+ The protoplasm contains a single cup-shaped chloroplast, a nucleus, two

contractile vacuoles, endoplasmic reticulum, ribosomes, €tc.
Chloroplast contains pyrenoid, lamellae, stroma, chlorephyll and an eye -

spot.

[tis autotrophic in nutrition.
Reproduction is of twe types. They are:
«  Asexual reproduction

+  Sexual reproduction.
* Asexual reproduction takes place by-
+  Zoospores
*  Aplanospores
* Palmella stage. ,
Sexual reproduction involves the fusion of two haploid cells.
* There are four kinds of sexual reproduction -
* Isogamy
«  Anisogamy
*  Qogamy




Reproduction B %

The reproduction in Chlamydomonas is of two types. They are:
e Asexual reproduction
e Sexual reproduction.
Asexual Reproduction
The asexual reproduction in Chlamydomonas takes place by
“'1. Zoospores
2. Aplanospores
3. Palmella stage.

1. Zoospores
Zoospores are motile, biflagellate, asexual spores.
They are us_ually produced during the favourable conditions when water is abuygy,
The vegetative cell first comes to rest by dropping its flagella and becomes non-mof| L
The protoplast of the cell then divides repeatedly to form 2, 4, 8 and16 daughter proto 1;1
Each daughter protoplast develops two equal flagella at its anterior end to becgm
zZoospore. .

Chlamydomonas 2
Vegetative cell O
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e vegetative cell. Bg. yaomonas caudatq
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" puring unfavourable season non-motile Chlamydomonas cells remain embedded in an

Vegetative celj.

Spores.
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Fig. 5.5: Chlamydomona - Development of Paimella stage.
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Fig. 5.6: Chlamydomonas -
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Fig. 5.7: Chlamydomonas - Palmella stage.
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own as heterothallic ;pemes Eg. Chlamyd . iy
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T Type gamete
(F emale gamete)

(Male gamete

Chlamydomonas
A (N)

Zoospores

Zygospore
T (2N)

Daughter cells Meiosis
Isogamy in heterothallic individuals.

Fig.5.8: Chlamydomonas moew usii -
There are four kinds of sexual reproduction in Chlamydomonas. They are:

1. Isogamy

2. Anisogamy

3. Oogamy ~

q. Ho/c)gurm'.\
Isogamy is a sexual reproduction’y
'gote. It takes place both in homoth
1“ heremrha!!u individuals. the tWo

¢lls. Eg. Chlamydomonas moev usii.

P' I 'Nd\! undergoes repeated mitotic divisi

s fuse together 10 form

vhere similar motile gamere
llic individuals.

allic and heterotha

fusing gametes rc produced from two different
The v eﬂetatn e cells first lose their flagella and
jons to pra - 16-64 daughter protoplasts.

e



00 2
] flagella at its anterior end
Each daughter protoplast develops two equa 0d to fory
arent is called + &P€ (male) fm‘j that of the other paren; ;. .. 28a
The gamete of one p ered by agglutinins, the chemical gubsmné;cillled?'g;;

fernale). The flagella of gametes are cOV :
( ) age gan;_ the opposite strains. These substances are not presen¢ inthvolveﬂin

the recognition of gametes O vt
of the vegetative cells. . SR el
The flagella of two gametes of opposite strains adhere because of aggluting.
The gametes are released free in water:
A+type gamete (male) fuses with a -type gamete (female) to form a diploiq -
Ote.

Vegetative cell (N) (N)

A

Meiosis
~ | (2N)
ig. 5.9 Chlamydomonas - Isogamy in homothallic individuals
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” ofe is known- as gygospore.
Aftera pel"lOd of rest, the zygospore starts o . walled
The diploid nucleus of the zygospore undgrl‘f;lmatlon durin
ur haploid ruclel. SERHES
Then the cytoplasm divides into four pieces_ ¢ h '
forma haploid protoplast. > each of which collects around a nucleys to
Fach protopla_lst develops two equal flagella to form a moti
s four meiozoospores are formed inside 5 Zygospoioniljlce“ called meiozoospore.
wall.
Thewal Ofttlflae Zyggfiﬂ?re fuptures and the Zoospores are released in th;
7005pOTES grov;; H}l' new a tt;ells. n the water. These
In homothallic species, (he gametes of two : ;
o parea cell. Eg. Chlamydomonas media Opposite mating types are produced by the
Here, a vegetative cell drops its flagella and its - e
Jaughter protoplasts. protoplast divides mitotically into 8 or 16
Each daughter protoplast develops two flagella and forms a
i X gamete. The flagella of gam-
efes are co_vered t_:y agglutinins, the chemical substances involved in the recognitio;gf gametge?;f
the opposite strains. These substances are not present in the flagella of the vegetative cells.
The flagella of two gametes of opposite strains adhere because of agglutinins. Two gam-

etes fuse together by their anterior ends to form a zygote.
The diploid zygote enlarges in size and secretes a thick wall around it. This thick-walled

zygote is known as gygospore.
od of rest, the zygospore starts germination during the favourable season.

After aperi
The diploid nucleus of the zygospore undergoes a reduction division (meiosis) to form

four haploid nuclei.
Then the cytoplasm divides into four pieces, each of which collects around a nucleus to
forma haploid protoplast.
lops two equal flagella to form a motile cell called meiozoospore.

Each protoplast deve

Thus four meiozoospores are formed inside a zygospore wall.

The wall of the zygospore ruptures and the zoospores are released in the water. These
zoospores grow into new adult cells.

The zygote secretes a thick wa to form hap-

g th.e .fa.vourable season
n division (meiosis) to form

11 to form a zygospore. It undergoes meiosis

loid zoospores. ~
The zoospores develop into Chlamydomonas cells.
2. Anisogamy - p
Ani j j dissimilar gametes fuse together to forma
nisogamy is a sexual reproduction where diss g S, Chlamydomonas

5gote. The gametes are motile. These gametes are called anisogame

brauni;,
i ghThe protoplasts of a vegetative cell undergoes mitotic divisions to form 8 or 16
Ughter protoplasts. - i
Each daughter protoplast develops tWO flagella to forma small male gamete cal
daughter protoplasts.

Samete, '
B The protoplast of another cell divides mitotically into 2 01 - lm(}emale gamete called
- “Ydeveloping two flagella, each daughter protoplast becomes 2 g

"Macrogamete.
e

haploid



s Chlamydomonas (+)
(N)

\ O

24 Macrogamete

(N)

izt s
LR

Chlam)’domonas

Meiozoospores
2

Zygospore
(2N)

Meiosis

Fig. 5.10: Chlamydomonas braunii - Anisogamy.

The flagella of gametes are covered by agglutinins, the chemical substances involvedint:
recognition of gametes of the opposite strains. These substances are not present in the flagellad
the vegetative cells.

The flagella of two gametes of opposite strains adhere because of agglutinins.

The microgamete fuses with a macrogamete to form a diploid zygote.

The zygote secretes a thick wall to form a zygespore. o

The diploid zygote enlarges in size and secretes a thick wall around it. This thick-¥*
zygote is known as gygespore.
After a period of rest, the zygospore starts germination during the favourable seasol
The diploid nucleus of the zygospore undergoes a reduction division (meiosis)®"
Jour haploid nuclei.
Then the cytoplasm divides into four pieces, each of which collects around a7
form a haploid protoplast. -
Each protoplast develops two equal flagella to form a motile cell called meio00F
Thus four meiozoospores are formed inside a zygospore wall. e
The wall of the zygospore ruptures and the zoospores are released in the water

zoospores-grow.into new adult cells.

e .

uclew
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New
Chlamydomonas |~

Meiozoospores

(N)

Fig. 5.11: Oogamy in Chlamydomonas oogonium.

3.0ogamy

] Oogamy, xls" a sexual reproduction where a small motile male gamete fuses with a
arge;:h non-marife female gamete to form a zygote. Eg. Chlamydomonas oogamum

e protoplast of a vegetati itotic divis .
e P egetative cell undergoes mitotic divisions to form 16 or 32 daughter

JIiach protop lgst becomes a biflagellate male gamete.
tthe same time, another vegetative cell drops its flagella, and becomes enlarged and

I : .
OUHdTel;i. This round cell is called egg or ovum. Itis non-motile and non-flagellate.
emale gamete migrates towards the egg and fuses with itto forma diploid 7ygote.

fogeﬂI]I; Ct‘hlamydﬂm_cmas eugametos, the vegetative cells as such function as gametes and fuse
rto form a diploid zygote. This type of fusion is called kologamy.

Conclusion
T v
game;: ehhfe cycle of Chlamydomonas is haplontic. The vegetative C
Phyte (N). Asexually, it reproduces by zoospores, aplanospores and

ell is a haploid
palmella stage.




esb simple mitotic division of Bamey,

me Phyy
exually by h'a P imdi?e 0 anisogameres O;I‘mgr‘;z;etes or holy m:e?c“ﬂ,
¢ gametes may be isoga" ma diploid 28 ote (2N)- Zygote undey Ogg f: T\w

ogetherto O “ - haploid mei0ZO0SPOTES develop ignt el
. 20SPOTES: 0 "“P!ﬂ?
nant and the diploid phase 1S representeq on :

: g is dom . ono There is no alternggin,
Here, the haploid ot known @ haplontic [yP€ erhation of 8:1“1&

",
st Life Cycle of Chlamydomonas

amotile, free-ﬂoating, unicellular green alga, Tt i foung ing
S

ds, lakes pools, €. qome species occur n seas and g
S, )

51 Ty,
Chlamydom Venip snﬁw{;

pant freshwaters of pon

fields dyisa haploid gametophyte (N).Itis microscopic and usually peg,.

3 shﬂpe
Th Tllllecpolﬁ:s}:: of a cell wall, aplasma membrane and protoplasm. i
ece

ior end of the cell, th
: ¢ cellulose. Atthe anterioren > tne cell w4
The cell wall 13 composeq 0 g iy iy
a small projection called papilla. Inner to the cell wallisap € eﬂclosmgthf
Promj;f;!:::i s alarge cup-shaped chloroplast at the posterior part of the protoplasm, It oy
chlorophyll-a and b, Y - carotenes and xanthophylls. .
A single pyrenoid lies embedded in the chloroplast. It consists of a central proteiy o
surrounded by starch plates. _
Towards the anterior end, on one side of the chloroplast, there is a photo-receptive oy
called eye-spot. .
There isalarge eukaryotic nucleus in the cytoplasm lying above the chloroplast.
Two contractile vacuoles are present just below the papilla. -

The cytoplasm contains small endoplasmic reticulum, dictyosomes, mitochondriu!
starch granules.

- The cell has two equal, whiplash type flagella at its anterior end. They are connect.
with the nucleus by neuromotor apparatus.

- Cu ﬂmydﬂmona:? S'ynthe sizesits food from carbondioxide and water using sunlight. 1
it is photoantotrophic in nutrition. Starch is the reserve food material.

Chlamydomonas reproduces by two methods namely :
Asexual reproduction , |

Sexual reproduction,

The asexual reproduction tak
age & place by means of z00spores,

aplanospores and pain
abunﬁte i?tﬁf oresstcmotle bilagelateasexval spores. They are produced Whe? et
16 dai;ﬁ: iﬁgxgg “ropsis Tagellaang then s protoplast divides mitotically '° forfﬂs |
fggi (I)J;s;?)}; i‘:itrgi:’é Zfsd“g‘;;g;?éélagella atits anterior end and becomes ? «M{fr

Tu
lew vegetative cells. Pture of parent cell wall, The z00SpOres g




(WP e

The aplanospores are non-mog:
= ‘t 1 ] AR d 1 mor,le' "o".:ﬂagt’llate aS 69
ome ferTes rial species during the €Xual spore
Al

: dry s S. :
},frﬂﬂ"'“ Jly into 8 or 16 daughter St Iy season, The protoplast of 4 veg};fy are produced ip

f ative ce[] divides

topl 3
fagellate aplanospore. Plasts. Each daughter Protoplast deyejopy :

tati :
sically so as to form 2-4 cells, Th Ceative cell, drops ts flagella

They do not develop flagella an and its protoplast divideg

1if0 .
o L d lie within the parent ce]
The celil ﬁl ldqf the p?rf:_nt cells and dg get gelatinised o g
|Is lie embedded in a gelatinous matrix, Ag this S0 that many non-motile
li:;own as Palmella stage. Stage resembles a green alga Palmella, it is
[n the next growing season, the cells of Palmella
e vegetative cells. Eg. Chiamydomonas nivajs Stage develop two flagella and grow into
The sexual reproduction involves the fygjo

Chlamydomonas are heterothallic so that they

individuals. Eg. Chlamydomo i :
separate individu ) nas moewusii, Some species, however. are j ;
so that they produce male and female gametes in the same individual. Eg,. 6hzam§’§§;?:$§

media. o
The sexual reproduction is of four types :

1. Isogamy
2. Anisogamy

3. Oogamy

4. Hologamy.

In isogamy, the two fusing gametes are morphologically alike and motile and the gam-
etes are known as isogametes. |

In heterothallic species the gametes are self-incompatible, so fusion takes place be-
tween gametes of two different parents.

In homothallic species, the gametes are self~compatible, so that fusion takes place be-
tween two gametes of an individual.

The vegetative cell loses its flagella and its protoplast undergoes mitotic divisions to form 16
to 64 daughter protoplasts. These daughter protoplasts develop two equal flagella to form gam-
etes.

The gametes are released by the rupture of parent wall. Two gametes fuse togetherto fogn
adiploid zpgote (2N). The zygote secretes a thick wall to become a zygospore. Eg. C. media.

In anisogamy the two fusing gametes are dissimilar and motile. The gametes are known

% amisogametes. |
The protoplast of one cell undergoes mitotic divisions to form 8 or 16 dz.lughter protoplasts.
e male gamete called microgamete.

Each daughter into a biflagellat

protoplast develops mnto a bitlage

bi The protoplast of another cell divides into 2 or 4 daughter protoplasts. They later become
lagellate female gametes called macrogametes. o N E
g A microgamete fuses with a macrogamete o form a diploid zygote (2N). Eg.

amydomonas b b

- o Ogam;Sth?e.aiZ?e gamete is smalland motile due to the presence of flagella and the
Male gamere i larger and non-motile.

AB. ¢
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dvldes ll‘ltO ]6 or 32 daughter prOtOp]astS Th hh},ﬁ
70 etative cell 01 metes. Wi,
otoplastof 2 VeESEL o ote malega ! |
e gelatoform smal bife osesits flagella and becomes enlargeq roy
veloptwo flage time, a vegetative cel It is non-motile. . ey
Atthe sameti }d an egg 0T OV d fuses with it to form a diplojg
This round cell is calle ves towards the g8 a0 Peore by
The male gamete MO
C.Qogamum.
Zgospores
Aplanospores
Palmella stage
Asexual
Reproduction
A <
Chlamydomonas
(N)
Meiozoospores
o _E_N) Sexual
Mexosw—/— Reproduction
Zy(g;lz%ore +Gamete - Gamete
\ N N
Zypote (2N) “//
\ Fertilization
Fig.5.12: Chlamydomonas - Graphic lify
Phic life cycle
The £Ygospore, after a period o TeSt, Starty jtg ;
vides metotically into four haploid nucle; Cernination, The diploid nucleus first
haploid protoplasss These haploiq protOp-laStS q 1S followeg py, Cytokinesis to form fo
Mei0z00spores, ©velop cell way) and two flagella to for™
The mei0zoospores come out b )
y the ruptur ;
cametophytic copr ) plure of zyg,, SPore wall ang grow into new haploil
Inc /2famvdom0nas eu i -
| . gametes, the haploid ve getative i
fuse logether to forma Jgote. This type of fusion is called h;s;i"z’such actas gametesaﬂ
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The life cycle of Chlamydomonas is haplongi,

e vegetative thallus is a haploid gamet,
S eanUY it produces new gametophytes bl;; ?l);i (N). |
slmella S128°- | cans of haploid zoospores
an ftproduces fsexuallgth;lp}gld gametes (N) by simple ;
to form a diploi t
thet ploid zygote (2N). The zygote undergoes meiosis to form four
" our ap-

s 100SpOTes. The haploid meiozoospo

il e oid meiozoospores develop into happ

nthe life cycle the haploid phase is dominant and thep dlintlo . g"P’f’“{ gametophytes (N).
Hence the life cycle is known as haplontic typep o1d phase is represented only by

[hﬁ Zygote.
Highlights
/— Life Cycle of Chlamydomonas )

. Chlamydomonas is a motile, free - floati ,
, ItIS includ;d in the class Chlor()phy{,l e:e_ ng, unicellular green alga.
" [tis found in stagnant freshwaters.

" Chlamydomonas 15 a haploid gametophyte.

. Itis eukaryotic.

[t is pear - shaped.
, The cell consists of cell wall, plasma membrane and protoplasm

, ]t consists of an outer cell wall, a middle plasma membrane and an nner

protoplasi-
, The cell wall 1s made up of cellulose.

, The plasma membrane lies below the cell wall.

. The protoplasm contains a single cup-shaped chloroplast, a nucleus, two
contractile vacuoles, endoplasmic reticulum, ribosomes, €lc.

. Chloroplast contains pyrenoid, lamellae, stroma, chlorophyll and an eye -

spot.

., Ttis autotrephic in nutrition.

. It reproduces by two methods namely:
« Asexual reproduction
« Sexual reproduction.

. Asexual reproduction takes place by -
« Zoospores |
o Aplanospores |
o Palmella stage. .

'« Zoospores are motile, biflagellate asexual s;lJores. They areib

| parentcell and grow into new vegetative cells.

"+ Aplanospores are non-motile, non-flagellate asexual spores: They come oU!

of the parent cell and grow into n€w vegetative cells. JPR—

« In Palmella stage, cells remain embedded in an amorP

| : : e
=. During favourable season, these non—motlle c,iells com
___Nous matrix and grow into NEW vegetative cellS

-

aplanospores

erated from the




Volvox

Chlorophyceae
Volvocales
Volvocaceae

Volvox

Volvox1s agreen alga. 1tis included in the class Ch rophyceae. Linnaeus named the
genus, Volvox.

Occurrence
(blyox is 2 colonial green alga.

Itis a freshwater alga. 1t is found in ponds, lakes, tanks, pools, ditches, etc. During
favourable season, it grows vigorously to form water blooms and gives green colour to the
water. Jolvox colony floats during bright light and goes deep during night.

Volvox includes about 20 species. There are five species of Folvox in India.

Volvox afvicanus  Volvox prolificus  Volvox merelli

Volvox globator ~ Volvox rousseletii

Structure of Volvox
( Volvox is a colonial green alga. 1t is included in the class Chlorophyceae.

ltisa freshwater alga.

It_ls a free-floating form. It is spherical in shape.

Itis macroscopic. It s visible to the naked eye in the size of a pin-head.

Yolvox colony s 101 Smm in diameter. The colony of Folvox consists of 500 to 50,000

Chfamydomonas-ﬁke cells.

olvox is an assembla; imi I dent cells.
geof similar and independent cells. o _
hcell functions like an individual, carrying out its own nutrition, respiration and excretion.
Olvox is a haploid gameiophyte. 1t is a colony. The colony is spherical in shape.




W

. - cells. The number and.arrangemem

16 d monas-llke C is called a coenobium, 0
lamyd0

g e colony > hcell isalg
The colony s made up of Ch ceh ilage. EaC -,

. of muc . OUnd '
. o 10r colony aré 4 d in amass rotoplasmic strands calleq P’asmo‘ff
cellsin apurtlcufl‘;:' colony aré emv terconneCted P !
Thecells otEZE s arein
ilaoe sheath.
byamucilages
mata.
Flagellum
Mucilage sheath
Single cell
Protoplasmic
connection

a : ‘
e - € Periphery of the colony. The centr¢ y
€ colony has 5 Ppolarity, It has an ante

hi,
At the posterior side ofthe colony, there iS a perf M a posteriyy side.
The cells of Volvo

_ *resemble a Chiamydopey, ?n lled phialgpore,
oval in shape Jts anterj

' : : el
orend is pointeq and the posterior}c; 21;1&-‘? "een in colour. Each Cr end
faces outwards, 'STounded. The anterio



The cell s surrounded by a cell wall mag 77

cu
ine cell wall. The plasma membrane s b of cellulose. A thin plagmg membrane |
helow . anterior end has a thickening of cell- anelis

sila. The flagella arise from basal grap,, les. The

ﬁxiﬂﬁ:l‘i the movement of the COIOI]y.
pring otoplasm contains a pair of contrac;
The protop actile vacyoles pear the anterior end Anucl,
. eus

: . The nucleus is euk 1
- entinthe centre. 1hen euaryotic and haplo;
s prei jarge € h !ampl‘}'«?‘ 1s.s1tuated at the posterjor sid: gﬁlﬁ
ploroplast contains pigments like chlorophyl.g an g

e :
oroplast has an eye-spot anteriorly and a pyrengig .
Th:ef:)]id iIIIj the form of starch plates. Pyrenoidinthe centre. Starch s st

Flagelum
Papilla - q--p ,/BESEI.I gxanule
Cell wall — (B
/R o Contractile vacuole
Eye spot —__| e
. LR —— Chloroplast
asma — .
membrane el
Protoplasmic
connection
Mucilage sheath

Fig.6.2: Volvox-A single cel[.)
Highlights

Volvox |
* Volvox is a free floating, freshwater, macroscopic and colonial green alga.
* Itisincluded in the class Chlorophyceae.

* Itis a haploid gametophyte.
* Itisa colony.

* ltis a plant animal.

\

("-—-—__

; 1tis made u ike cells .
‘ p of Chlamydomonas like Cells. e
Each cell of Volvox is covered by a mucilage sheath aﬂi 1’tie cells are 1
“onnected by protoplasmic strands called p!asmodt—"’" )
/

e e S
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; Nutrition and Movement

@lvox is photoautotrophic in nutrition. It synthesizes starch using CO, and sun iy
This process is called photosynthesis. It moves by rotary type of movement usm g the flage)

Highlights




Reproduction

[ Volvox reproduces by two methods -
Asexual reproduction
Sexual reproduction
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Asexual Reproductio® oduction takes pl

ace by the formation of daygy, tr
xual 1€ "y

In Volvox, as€

o season. Atthe poste I:iOI' part of a mature Colop,
ductive cells called gonidia. ’2‘30

Plakea stage

; Stq
m onidjué;fs of development of



6V OLVOX

V
:dia lack ofs and \81
Thegoni eye-sp. flagella, They have well defined nyclei

mplasm. e tand dense granyyy
p e gon dial cell divides 3t1p1es It 2,4 and then i
d octant stage. The eight daughter cejs all']elglifai g:

ge 18 called
88" 4 ic stage 1S known as plakea stage.

1. ey
ple o cells of the plakea stage divide into 16 ce]
It is stage is called cruciate plakeq st; ells. These 16 cells rear ange to form a hollgyy
spflfff' ... The pore is called phi ge. Ithas a layer of cells, a termi g
ntrd! cavity. 1€ P Phialopore. The cells are arranged i inal pore and
 riorends point 111‘v~'z:1rfds.ll _ ged in such a way that the
enthe number of cells increases by repeated mitotic divisi
. isions.
The sphere of cells turn completely inside out through the pi?alo ore. Thi '
glled inversion- | pore. Th's process is
C Atthis stage,the anterior ends of cells point outwards
lops an eye-spot and o .
pach cell then develops an eye-spot and two flagella at it :
daughter colony 1 fonnqd inside the gonidial wall. ¢ Uantenor . Intiiiway. »
The daughter colonies come out by the rupture of parent colony and live as independent

ca[ani@ ‘ .
. Highlights

— Plakea Stage

a curved plate of eight cells formed during the development

:ltghter cells. The 8 celled
in the form of acurved

Plakea stage 1S
of Volvox.

+ This stage 1s ca

« Itdevelops from gon

reproduction.
» The cells at the posterior part of a mature colony enlarge and function as re-

productive cells called gonidia.

+ The gonidia lack eye-spots and flagella.
+ Each gonidial cell divides into 2,4 and then into 8 daughter cells.
+ The eight daughter cells are arranged in the form of a curved plate. This stage

is known as plakea stage.

* The cells of the plakea stage divides into 16 cell
form a hollow sphere, This stage 1S called cruciate plakea stage. 1t has a layer

of cells, a terminal pore and 2 central cavity. The pore is ca!leq phialopore.
The cells are arranged in such a way that the anter10r ends point inwards.

* The number of cells increases by mitosi: .
* The sphere of cells turn completely inside out through the phialopore. This

. %IOC_CSS is called inversion. l
~ ‘heinverted sphere becomes the daughter colony.
The cells of the antheridium develop into sperms through plakea Stage-

unfhvoufﬂble

lled octant stage because it contains eight cells.
idinm in asexual reproduction and antheridi. m in sexual

s. These 16 cells rearrange to

N
xu;: Reproduction g
uring
. ° Sexual reproduction in Folvox is 00gamous ppe. It takes plac®
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Antheridium -  of Volvox are cal
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- . oart of the € tative cell.

duced at the posteriorP lops from & vegetd : tob
develop size and loses 1S flagella to become an it
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%1; yegelative cell first enlarges 1

cell. 74,
CYtOplasm

Nucley

Fig.6.4: Volvox - Stages of develop-
ment of antheridia.

Fig .6.5: Volvox- A sperm.

2. 4 and then into & cells. The eight daughter cells:
ge is known as plakea stage or octant st
16 cells. These 16 cells rearrange to fom:

kea stage. It has a central cavity, alayer|
The cells

The antheridial cell divides into

The cells of the plakea stage divides into

hollow sphere. This stage is called cruciate pla
cells, a terminal pore and a central cavity. The pore is called phialopore.

arranged in such a way that the anterior ends point inwards.
r}ito 128 cells are formed by mitotic divisions?.
e sphere of cells turn insi i i i
i completely inside out through the phialopore. This proce
g; ttl;ls sltlatigle, the anterior ends of the cells point outwards
" : , .
€d In water in a cluster or singl
e e e e e 1
I metes are : : "'
Jlagella, Theyare haploid, They haven;gow and spindle-shaped. They have W0 aﬂf_é:
I8¢ nucleus and dense cytoplasm. They &

low in colour. They swim freely in water towards the oogoni
nium.
Highlights
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e
+ Inversion occurs during o 83
» The cells at the posteriq; p developmem of new colony and sperms, )

» art of
reproductive cells cajeq gonidiz el colony enlarge and function as
» The el_g aughter cel]g are g S Els,
stage is kKnown as plakeg staggange ' the form of a cur ved plate. This
. The cells of the plakea stage diy;
to form a hollow sphere, This

layer of cells, a termingy Pore and

« The sphere of cells turng -
This [ﬁ‘ocess is called invﬁﬁftﬂy mside out through the phialopore.

+ Atthis stage, the anterior eng of the cells

» The inverted sphere becomeg the daughter colon

+ Atthe development of sperms also inversion occi];:rs

+ The antheridium divides and passes through the Plal;tea stage and cruciate
plakea stage as in the development of gonidia. Here also the cruciate

plakea undergoes inversion to form sperms.
L y,

Oogonium
/ The female sex organs in Volvox are known as oogonia or gynogonidia.
\ Afew oogonia develop in a colony. They are flask shaped.
Theyare formed in the posterior part of the colony.
Each oogonium develops from a vegetative cell,
The vegetative cell enlarges in size, loses its flagella and eye-spot. The protoplast of the
cell gets rounded to form a single egg or ovum.
The egg contains a haploid nucleus and dense cytopl@.

Fig. 6.6: Volvox - Colony showing oogonia

Fertilization

on .

( sope - um and enter the oo-
\ The sperms liberated from the antheridium swim towards the oogonl

*0hium. One of the sperms fuses with the egg to form a diploid Wgouﬁd( i‘.l:g.fonn an oospore.

The 7ygote secretes a thick three layered, smooth or spiny w%li 31(?05 ore is released by the
“thick-walled 0ospores remain in the parent coenobium. 10 :
~

Upture of the colony.
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3 H‘;& tin
L//’——N

: inloid nucleus
Gerpnination opeser o:ees aftera perl OfmStiTgEtige three nucl;;de;tgoffs ey,
The oospore germind o haploid nuclek re wall rupture - dls“"&a \
division or meiosis t0 orm 10 i stage , e 00SpOre bP sand the iy "y,
nd the remaining o€ undw;w This protoplast develops intoa biflagellate ,
yesicle.

f
comes out in the form ofa |

re

Oogonial wall

Fig. 6.7: Volvox - Stages of development of oogonium.

- 1o mitotically into 2,4,8 and then into amagg o .
re swims 0 water and divides mitotica J . Sl
The 112:1%:0 mip;rmgedm asingle layer 10 forma hollfrw sphere. The anteriorend ofte
faces inwards. The hollow sphere has a pore called phmlopor?

Oospore

Oospore wall
Fig.6.8: Volvox - Fertilization and oospore formation.

" arﬁ‘hen the sphere of cells turns completely inside out by a process called ,'nvgrsionff
e

erior ends of the cells face outwards. Each cell then develops a pair of flagell ¥
way, the hollow sphere develops into a daughter colony.

Conclusion

The life cycle of Volvox is haplontic type. The plant is a haploid gamefﬂﬂhf“3

reproduces asexually by daughter colonies.

It produces sexually, a diploid zygote by the fusion of two gametes. Thezygo® o

P



In the mature mlony’ a few wus- lﬂﬂlc prSiclior end Cilalyl 151 512€ and ﬁ-ln(:hm a;t .“'l‘gQ
cells. The gonidiaarereproductivelﬂﬁ:;‘f“‘:;"ape. R%%
The cells of Volvox colonyl ;n'e :V n PR I 9
sterior end of the cell is broader an¢ 4
T’l%iizet;r:;?& f:ccs outwards. Theanterior end of the cell has v e"""‘ﬁag
elly
cell has a cell wall madeup of cellulose. ; _ :
Atheaneiorend hecel wall s ickening aled papilla At \
lies below the cell wall, surrounding the pmtoplﬁfsm-’w protop NN gy, c"‘“‘hh%
chloroplast, an eukaryotic nucleus, a few mitochondria, endoplasmiy reﬁcu’u:‘ﬂ%
contractile vacuoles. . o g b
The chloroplast has a single pyrenoid and an eye-spot. It contains Pigments i
phyll-a, chlorophyll-b, carotenes and xanthophylls. Starch is the reserve foo i,
The celis of the colony are interconnected by plasmodesmata. Each cej is Surrg M
mucilage envelope. Undey by
The colony is motile.
Volvox reproduces by two methods -
Asexual reproduction
Sexual reproduction

The asexual reproduction takes place with the help of gonidia. Some cells a

A part of the colony enlarge, lose their f] the pogi,
D gonidia. g agella and act as asexug] reproducs; %Pﬁit;;;

Y :

thallic dioeci 80ma i tf, homothallic or monoec

-4 r€ produced gy . Utheridia ang o - pgrs

""’ﬂed“”‘heridiz]m“eﬁ“fpanofthc £0nia in separate 0 ;

The antheridia) ce]) divides pyzy, e LS. colony. They develop ™

n the form of 3 gz - C0y intg
e.

16128 haploig daughier cells. TH*
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Fig. 6.11: Volvox - Graphic life cvele



11 Caulerpa

(_Class :  Chlorophyceae
Order .  Siphonales
Family :  Caulerpaceae

Genus . Caulerp@
gjauferpa is a green alga. It is placed under the/class Chlorophyceae. Lamouroux

ued the genus, Caulerpa. It belongs to the monogeneric family Caulerpaceae.

Caul means stem; erpa means creep.
Caulerpa has about 73 species. All the species are marin

are -

e. The common Indian species

Caulerpa racemosa Caulerpa prolifera
Caulerpa taxifolia Caulerpa peltata
Caulerpa scalpelliformis

Onthe basis of habitat, various species of Caulerpa are classified into three categories:

;' gpec%es gr 0W1:ng in mud or sandy bottom.Eg. Caulerpa prohfera.

N Sp ccies growing on rock and coral reef. Eg. Caulerpataxifolia. .
‘Species growing as ﬁz'phytes on the roots of mangroves or epiphyfic Species: Eg.

Caulerpa verticillata,

r - Thallus Structure

i Cau[e —

\The I’Pa is a tubular green alga.
tis f,:?t body is a diploid sperophyte.
I icellular and multinucleate.

. tooks ;
" fhiZoithke avascular creeping plant. It consists ofa

€rhizome : e
I i Zme‘ is cylindrical and branched.
orizontally over the substratum.

horizontal rhizome, erect branches



l A
P wer surface of the rp;
} L o ¢ Is?lbstratum. eome, many Multicellyi,, rhizojgg =
er . 14s arige
s O r surface of the rhiz . and fix th
‘ Lhﬂl o thf; 1}1’1;1;; Ome arigeg many erecy brancheg calleg )
] €d leq
9 T’{; erect branches b;ar many laterq] OUIgTowths called peci. . 1y shoots o
heaXis of the assimilatory shoot ; asstmilqtyy
es

x .
dlin verticillate manner. 18 eylindrical ang the assimilatorg are ar-
mﬂgez In Caulerpa taxifolia, the axis is cylindricq
ﬂSl:te rowsontheaxis. .
3. In Caulerpa crassifolia, the axis is cylindpicay and
p,‘;maff’}’- : fa 3
4. In Caulerpa prolifera, the axis is flattened anq leaf-like and has no assimilaor
Internal Structure "

The entire thallus is a long,one-celled, branched, non-septate, tubular cell.

Itis bounded by a cell wall made up of callose, pectin and pentose sugar.

Cellulose is absent. Inner to this is a thin plasma membrane. The plasma membrane sur-
nunds a dense protoplasm. ‘

The protoplasm is coenocytic and vacuolate. The nuclei are eukaryotic and diploid.

There are numerous discoid chloroplasts in the protoplasm.

The chloroplasts contain chlorophyll-a and-b, carotene, xanthophyils, siphoenin and
sphonoxanthin, Pyrenoid is absent.

land the assimilators are arranged in o

the assimilators are arranged

Nuclei

re.
Fig.11.2: Caulerpa thallus - Internal Structi
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s exhibit stred toplasm. _ Op[a&":;‘
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. Ollgh h ()fth
o nuclet  are alsC le ruﬂnﬂlgthr indrical strands. The *ly
Starch 8 rt;:::;.: centrd! Eagm:naﬂy small cyind s Mangy 2:
There1sd!'a " v . i ; 'y
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. m 1oWs [

; Jt condition- trabeculae are,
walls;'i'lth;ufi,;igns attri UtEd;OtEigth g0 as to resist high turgor pr eSSure,
e al s

 To provide mecham® Jasmic surface of the cell.

0 : ;
 To increase the IJrotd}'J:1 O er diffusion 0 f minerals.

+ To facilitate easy amt beculae is not et clesit
However, theexact role of tra arowth
The growth is apical.) .
L - Highlights
—
. Caulerpa

* Caulerpa is a green alga.
* Itisincluded in the class Chlorophyceae.

* ltisabranched, sedentary, marine alga.
' ' * The plant is a diploid sporophyte (2N ).
' * It1s unicellular and multinucleate.
* The plant body is a thallys.

* It consists of a horizonta] rhizome, erect branches and rhizoids.
* The rthizome is horizonta] ¢

Ylindrical and branched

The upper surface of rhiz . I

ome pro .
Shoots or assimilatory shooy produces many erect branches calledls

. Ass!m!latory shoots haye man

Assimilatorg gre green

Y lateral outgrowths called assimilat
The lower Surface of andphOtOSynthetic.

rh!;ﬂiffs, the thizome produces many branched colour
e RhlZOldS fix the tha

; hall
¢ entire tha]fyg ; ;IS on the Substratyp,

[
he cell contajpg a cell yq] "é celled, brapched non-septate, fubﬂ[ﬂf
central vacuo] a l, asmgq ’ f0p I
he cell wall e Membrane, protoplasm,
IS mg ey Y
* The Plﬂsma me Pofeq o s
© protoplasm i C‘Oenougro.unds penigse Sug

Adense py I
The protopla ! and Protoplasm.
SM contaj Yacyplq

U
M, discoiq chloroplasts, star ch?




R )
Reproduction
@‘ulerpa reproduces by fwo methods :
. Vegetative reproducti
2. Sexual reproduction

1, Vegetative Reproduction

ht takes place by fragmentation.
Due to death and decay of the rhizome, the erect branches get separated from the thal-

lus.
These branches later on grow into new plants. )

2. Sexual Reproduction

%nﬂ 1928, Dostal first reported sexual reproduction in Caulerpa prolifera. Sexual repro-
Gction had not been known for several years.

Caulerpa is a diploid sporophytic plant (2N). o
 Meiosis takes place at the time of gamete formation. The SCXUE.ﬂ reproduction in Caulerpa
“thisogamous, ie. the male and female gametes are unequal in SiZe.

All species of Caulerpa, except one, are heterothallic or dioecious.

male thalli.
he male and female gametes are produced by the male anc}J{eengm; 1940). Here the

eone Species, Caulerpa racemosa, is homothallic (M.O.F.
d female gametes are produced by the same plant. R
he gametes are produced in fertile assimilators and rarely 1:11 ;[i ; —.

lleg EP.mtopl“Sm of the fertile assimilator becomes dense an

Mg

) ous septuma
theg 9 e_ﬁ?rtile area is separated from the rest of the thallus by a membrane
Stn I . 4
Ity 8‘e diploid nucleus. fhe assimilator.

"MS a small papillate projection on the surface 0
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o ioce of cytoplasm encloses a pq lo
Eac'fr'l ;{}pl oid protoplast then beCOmesp e‘?: r-:i, nucleyg to form " _ 157
The aped and dey | aploiq Protoplas;
P1OPS two €qual flagellq

P e ellate cells are called
nsaﬂﬂles,e piflage!’ 1 oo O Swa “
oy haploid nucleus and an epe-spor. Fmers, T
0 pature gametes are released into the ex o,
$ e releﬂ.se‘.’ out drs-solvmg the wall of the
Lo (ile assimilators die off after the liberation of gamet
T lega mete?‘ are prodlfced from the male thqjjy, =
are smﬂ”‘?"_ in size, actively motile an( brighz.greé,, i
qrmers Of microgametes. 3

"”'crﬂf‘he umale gametes are produced from the femgje thallus

They ar larger in size, slow-moving and brownigh green in colo
Jogametes of MACroSWarmers. ur. They are known ag
g -
' Both the male and female gametes swim in water for some time and each male 1

: gamete

' te to form a quadri l il
yith 2 female gamete quadriflagellate diploid 7yeote.
Jit The 7ygote then loses its flagella, gets rounded and secrgga )

] ' i ni a wall j
ot later on germinates 1nto a new diploid sporophytic P lant.§ around it. The

conclusion

The plant Caulerpa is a diploid sporophyte (2N). 1t directly produces new sporophytes
wgetatively by fragmentation.

sexually it produces haploid anisogametes by meiosis.

The male and female gametes fuse together to form a diploid zygote.

The 7ygote germinates into a new diploid sporophytic plant (2N).

The major part of the life cycle is diploid.

Haploid stage is represented only by the gametes.

Hence this type of life cycle is called diplontic life cycle.

Life Cycle of Caulerpa

Caulerpa is a green alga.

Allspecies are marine.

They are found attached to rocks or roots of mangroves.

Theplant body is a diploid sporaphyte (2N).
aﬂdr}: [Ooks like a vascular creeping plant. It consists 0

1301ds

L

The thizome is cylindrical and branched. . :
b " the lower surface of the thizome many multicellular r

) Over the sub
e milatory sh
n]eSE iom e upper surface of the rhizome arise many brfm?hes called assimilatory
"ches bear many lateral outgrowths called assimilators-

. . cleate cell.
| j: Ure thallus is a long, branched, unseptate; m'bula’:i me!:g::;: ::"g‘" '
(o unded by a cell wall made up of callose, pectin 20CF

y X . .
pﬁ”"#"a;ﬁose Is absent. Inner to the cell wall, the plasma m

it ;
extrusion palgldlah " Sl!my mass.

colour. They are knowp as

fa horizontal rhizome, erect branches

izoids arise and fix the

001s.
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Fig.11.4: Caulerpa prolifera - Graphic life cycle.
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(Class : Chlorophyceae
Order  :  Siphonales
Family :  Caulerpaceae

Genus Cau!erptc:‘b
-"/Cmderpa is a green alga. It is placed under the/class Chlorophyceae. Lamouroux
ued the genus, Caulerpa. It belongs to the monogeneric family Caulerpaceae.
Caul means stem; erpa means creep.
Caulerpahas about 73 species. All the species are marine. The common Indian species
m -

Caulerpa racemosa Caulerpa prolifera
Caulerpa taxifolia Caulerpa peltata
Caulerpa scalpelliformis

On the basis of habitat, various species of Caulerpa are classified into three categories:
1. Species growing in mud or sandy bottom. Eg. Caulerpa pral:'f_era.
L Species growing on rock and coral reef. Eg. Caulerpa taxifoha: . o
3. Species growing as epiphytes on the roofs of mangroves or epiphytic species. Eg.
Caulerpa verticillcé
( . <~ Thallus Structure
 Cadlerpa is a tubulqr green alga.
Plant body is a diploid sporophyte.

tis Unicellylar :

and multinucleate. . ) ¢ branches
g 00Ks like a yascula creeping plant. It consists of 2 horizontal rhizome, erectbr
’hlzows.

| €Thizome is cylindrical and branched.
. Bows horizontally over the substratum.




Ch -
/Frgm lower surface of the rhizome, many multiceliyyy v 153
s over the substratum. “ar rhizoids arige and fi

mailume the upper surface of the rhizome ariges m N

an
w'milamm’ shoots. Y érect branches Called leafy shoots
as! The erect branches bear many lateral pus "

.. growths called assimi
i : : : Ssimil
The axis of the assimilatory shoot, in most species, is cylin dricalzta? |
oW cAases. o ndit 'Sﬂaﬂened ina
The assimilators are green and photosynthetic.

The arrangement of e}ssimilators on the axis is characteristic to the species -
1. In Caulerpa verticillata, the central axis i

e 18 cylindrical an im
odin vertic - p— d the assimilators are ar-

" 2. In Caulerpa taxifolia, the axis is cylindrical and the as
opposite TOWS on the axis.
3. In Caulerpa crassifolia, the axis is cylindrical and the assimilators
pinnal‘efy' .
4.In Caulerpa prolifera, the axis is flattened and leaf-like and has no assimilators,
Internal Structure #

The entire thallus is a long,one-celled, branched, non-septate, tubular ceil.

It is bounded by a cell wall made up of callose, pectin and pentose sugar.

Cellulose is absent. Inner to this is a thin plasma membrane. The plasma membrane sur-
ounds a dense protoplasm. '

The protoplasm is coenocytic and vacuolate. The nuclei are eukaryotic and diploid.

There are numerous discoid chloroplasts in the protoplasm.

The chloroplasts contain chlorophyll-a and-b, carotene, xanthophylls, siphoenin and

iphonoxanthin. Pyrenoid is absent.

similators are arranged in two

are arranged
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sy %
: LA
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thallus - Internal Structure.

Fig.11.2: Caulerpa
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6 | Caulerpa "
* Caulerpa is a green alga.

* Itisincluded inthe class Chlorophyceae.

* Itis a branched, sedentary, marine alga.

* The plant is a diploid sporophyte (2N).

* 1tis unicellular and multinucleate.

* The plant body is a thallus. |

* It consists of a horizontal rhizome, erect branches and rhizoids

* The rhizome is horizontal cylindrical and branched. .

* The upper surface of thizome produces many erect branches calldhi
shoots ot assimilatory shoots.

* Assimilatory shoots have many lateral outgrowths called assimilsn
* Assimilators are green and p

. Th hotosynihetic.
e lower surface of the rhizome produces many branched colout
rhizoids.

: Rhizoid‘s fix the thallus on the substratum. j
: The entire thallys is along, one celled, branched, non-septat Mu‘:f
he cell contains g ¢ : ,

‘ !
ell wall, plas toplasm, "
i f?ﬁ'”‘” vacuole and nycle;. BEBACIEDIInE, RO
2 Thg c‘lﬂ1 s made up of callose, pectin and pentose S¥0"
S ggﬁ‘;ﬁ;‘fﬁ.‘brﬂnﬂ surrounds a dense protoplasm. )
gy P OPIASMS coengeyti
ot g Protoplasm o ytic and vacuolate. foh?
: i

i t
_adnuclg, S cytoplasm, discoid chlorople® ™




A _fmpiasfs_""“tafn chlorophyil. '
;1?]’asivhoﬂ0‘m"t"’."' o Xt hophyy,
a0 central vacuole is present throughoyt . "Plﬁs%k%_
5 %’ evﬁdﬂde 1stransvem¢d bymaﬂysmall cylindr. ire len Sk
10 is the stored reserve food al strans ca“edt:}_‘f?l&m.
ST ant ,.e--produces by two methods, ' b’ﬂbegu}ae’
-, TheP + Vegetative reproduction
| ¢ Sexual reproduction
tive reproduction takes place
al reproduction the diploid

by fragmen
lentation,
Sporophytic plant prog uces h

- o
-G haploid gametes fuse together to f, .
B Thz lzlygote develops into an oospore. M quadriflage|ate diploid zygore
B Gpore germinates into a diploid sporophyte gote.
| : The life cycle is diplontic type. : |
Reproduction
aulerpa reproduces by iwo methods :
Et Vegetative reproducti
7 Sexual reproduction

| yegetative Reproduction

f1takes place by fragmentation.
e to death and decay of the rhizome, the erect branches get separated from the thal-
'\
. _ .
These branches later on grow into new plants. |

y sexual Reproduction

mgz 1928, Dostal first reported sexual reproduction in Caulerpa prolifera, Sexual repro-
ifion had not been known for several years.

Caulerpa 1s a diploid sporophytic plant (2N).

Meiosis takes place at the time of gamete formation. The sexual reproduction in Caulerpa
sanisogamous, ie. the male and female gametes are unequal in size.

All species of Caulerpa, except one, are heterothallic or dioecious.

The male and female gametes are produced by the male and female thalli.

One species, Caulerpa racemosa, is homothallic (M.O.P. Iyengar, 1940). Here the
 Wkand female gametes are produced by the same plant.
The gametes are produced in fertile assimilators and rarely in the rhizome.
The protoplasm of the fertile assimilator becomes dense and dark green at some areas
Jertile areqs,
¥ has];h:fmﬂe area s separated from the rest of the thallus bya membraneous septum and
_ ingle diploid nucleus. .
OS2 small papillate projection on the surface of the assimilator

aploid gam.




dowd W

Extrusion

apilla with

the swarmerg
coming out

) Male gamete

or
/ Micro swarmer (N)

Fig.11.3: Caulerpa prolifera - Sexual reproduction.
(pl:-extrusion papillae). WW

This papillate projection is called extrusion papilla XIS e fou
In the meantime, the diploid nucleus undergoes metotic division .

uclei.

- This is followed by the division of cytoplasm into four pieces.
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§

s e gametes are feleas.ed into the extrusjon Papilla along it
M rhe ﬂ“’:e released out dissolving the wall of e extrusion pa;griﬂ::h
They @ sile assimilators die off after the liberation of gametes, '

e,ﬁ ale gametes are produced from the male thqgfys

smaller in size, actively motile and bright-green in ¢ :
They:::iee::v or microgametes. Our. They are knowp as

it L fom ale gametes are produced from the Semale thaip,

th are larger in size, slow-moving and brownjs,
The

8reen in colour Th
ofes OF macroswarmers. €y are known as
W ihe male and female gametes swrm'm water for some time and each mgle am
[ﬁ, a female gamete to form a quadriflagetiqse diploid 7ygote, Samete
f The ggote then loses its flagella, ECIS rounded and secrefeg , wall around it, The
i later O germinates nto a new diploid Sporophytic plant.j
e

éonc|u5i0n o

Theplant Caulerpa is a diploid sporophyte
wely by fragmentation.

sexually it produces haploid anisogametes by meiosis.

Themale and female gametes fuse together to form 5 diploid zygote.

The gygote germinates into a new diploid Sporophytic plant (2N).

The major part of the life cycle is diploid.

Haploid stage is represented only by the gametes.

Hence this type of life cycle is called diplontic life cycle,

Life Cycle of Caulerpa

Caulerpa is a green alga.
Allspecies are marine.

They are found attached to rocks or roots of mangroves.
The plant body is a diploid sporophyte (2N).
y ilmks likea vascular creeping plant. It consists of a horizontal rhizome, erect branches
“irhizoids,
The thizome is &lindrical and branched,

' fom the lower surface of the rhizome many multicellular rhizoids arise and fix the
tallus over the substratum.

e om the upper surface of the rhizome arise many branches called assimilatory shoots.
"anches bear many lateral outgrowths called assimilators. .
I entire thallys s long, branched, unseptate, tubular, multinucleate ceil
s boundpd by a cell wall made up of callose, pectin and pentose sugar.

lulose i ahgens Inner to the cell wall, the plasma membrane surrounds a dense

Warmers, '
mers. They Contain , Single

aslimy mqgq

(2N). 1t directly produces ney Sporophytes
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[’r"fopfasm
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Thev
jon
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- ches later grow into new plants. g,

L roduction is anisogamous fype. Caulerpais heterothgy;, i

The sexual rep oametes 2 produced in separate individuals iy

d female ,
The mal a0l emosais homothallic.

c
But. Caulerpara  duced in fertile assimilators or rarely in rhizom,

e e ssimilatr, he protoplasm becomes dense and darkgregy

a5 These areas are known s fertile areas. o
The protoplasm of the fertile area hasa S{ngle dq?lozd nucleus. The fertjje Aed
ops a small papillate projection clled extrusion papilla o the surfaceof e g
n the meantime, the diploid nucleus divides meiotically into four haploig Ml
the cytoplasm splits into four pieces. Hence four haploid protoplasts are fore mﬁf
fertile area. |
Each protoplast becomes pear-shaped and develops two equal flagella atits aye;
end.
The biflagellate cells are called gametes ot swarmers.
The mature gametes together with a slimy mass are released into the extrusionpaik
The wall of the papilla gets gelatinised by water so that the gametes are releasednt
water.
The fertile assimilators usually die off after the liberation of the gametes.
The male gametes are smaller in size, actively motile and bright green in colm
They are often known as microswarmers.
Th ey:rheco{fl? ke gan;le;gs are larger in size, slow moving and brownish greet inotké
| rwise called macroswarmers. .
Each gamete has a pear-shaped body and two anterior flagella. I contains oS
chlo?{l;lasr, a haplafd nucleus and an eye-spot. |
s Z ;;Lizscd micro and macro-swarmers swim in water and fuse togeth

The zygote loses its four flagella and gets rounde’. .t secretes d thic
10 become an oospore,

rtofﬂﬂu':

kW ﬂ” afﬂﬂﬂ“;i;:

)



il L?ms a tuﬁf}mmﬁﬁanﬁ_ s 8

[.,'1 ool an per of nuclei and chloroplggsg ¢ Volume o e
it projection 141 O BROWS 1040 a diploid gpgpgpy . Plant,

3!1[ This ¥

Plasm
Fragmentation,

Vegetative
R‘?Pmduction

\/» Caulerpq (2N)
Oospore \\

Sexual thallus '
Reproduction Fertile

Fertile branch
Meiosis
Zygote (2N)

Male gamete  Feale
/(N) gamete (N)

Fertilization

Fig.11.4: Caulerpa prolifera - Graphic life cycle.
Conclusion

Caulerpa is a diploid sporophytic plant

(2N). Meiosis takes place during gametogen-
e,

 Thereis ng independent gametophytic plant. The male and female gametes are hap-

and they fiyge together to form a diploid ygote. o o

ZYgote germinates into a ney sporophytic plant (2N). The diploid phase s 510111mar}f
¢yele and the haploid phase is restricted to haploid gametes. Hence the life cycle is
"4 diplongic life cycle.,

~ The
nthe if

Highlights
Life Cycle of Caulerpa
' Cayl

i PAIS @ marine green alga.
Sincluded i the class Chlorophyceae.




Chloraphyceqe
Order Charales
Family Characeqe
Genus : Chara,
Charais agreen alga. It is included in the clasg Chlorophyceqe.

ltgrows in pools, ponds and lakes

Itiscommonly known as stone wort or brittle wort because the plant body is encrusted

vihcalcium carbonate. This al g2 grows in clear still waters and does not grow In contami-
e waters,
Charais world-wide in distribution. It includes about 90 species. Of these 27 species are
found in India,
The common Indian species are:
Chara vulgaris Chara nuda
Chara zeylanica Chara erythrogyna
Chara coralling Chara ﬁ'agitis)

Thallus Structure

Qg q"” 415 2 green alga. It is commonly called stone wort or brittle wort because the
“E‘ismcmsted with lime.

i S freshwager form,
ig

A5ubmergeq attached alga,
The o Charaiis macroscapic. It is erectand grows to a height 0£20-30 cms.

The Plan body s calleq thallus.

bl CONSISts of a main axis and rhizoids.
Th 1Sahaploiq gametophyte. .
“Plntis altached to the substratum by means of thizoids.




Internode

Leaves Primary /"
laterals or Branches
flimited growth)
° = Main axis
/ \ Rhizoids
_,,L\ )
)

Fig.12.1:Chara-Structure of thallus.
The rhizoids are uniseriate and branched.

The main axis consists of nodes and internodes
The node is made up of two centrq

L cells surrounded by 6 to 20 peripheral cells calke

cortical cells. |

The internode is made up of asingle long central cell called axial cell surrounded by man)
cortical cells.

The node bears three types of branches namely ‘legves’, stipulodes and axillary branché
The ‘leaves’ arise ag a whorl around the node

0
- They have limited growth. Theyart d
called primary laterals or branchlets.

The ‘leaves’ also contain nodes and internodes,

ina whorl of branches called stipulodes. dalb
€aves’ contain sex organg such as rucule (oogonium)ands
u_le(anﬂmeridium).




T

i cﬂ)‘-‘lv‘ ~Jabovethe stipulodes and globule s logateqp; -4
. __1ocﬂ ¢ the node of the main axis bears unicelluiarbm(’::;he &tip“‘-oﬁés'

e ave .
.I;'gsfipu fthe main ax13 ehar; : i l'r‘ov:atl‘(:h' It grows up from the axil :
e ode willary pranch. AS 1t grows laterally from the Main axg ]‘C;f the ey’
. 4 1 Isaisgcaued
Cortical cefls
Cortex
Central
{ internodal
\ cell
N
Upper node
—— Internode

Lower node

il

Fig.12.3:Chara-Stem structure.

Fig.12.2:Chara-An enlarged leaf.

It has unlimited growth.

The axillary branches also contain nodes,
nssimilar to that of main axis.

The leaves of the axillary branches are called secondary laterals.

The cells that surround the internodal cell constitute correx.

The process of development of cortex is called cortication.

The cortex of each internode is contributed by the adjacent two nodes.

: ther set of cortical
One set of cortical cells grow downwards from the upper node an‘lt;;dom:et in the middle

%
%&sleg-m"“ upwards from the lower node. These two sets of cells elongat al cells constitutes the

E‘Eﬂexmm[)de ensheathing the central internodal cell This sheath of cortic

4819

internodes, ‘leaves’, stipulodes and sex or-




R - B uaal?ﬁ:-h% g .
LAFLF R Chara. N ke o
The cortex is present in most of the wli?cil;led corticated species. By - b

The species of Cgaf’ﬂ *;‘::::;}: ggﬁex is called ecorticated species. Eg g
The species that do no

Cell Structure

l he ne Y hy

The cell hasta th:;‘}‘fﬁ;‘:gd into an inner layer consisting of cellulyg, and g
The cell wall s diffe !

layer consisti { and ] rbonate CI ystals.
! 'ng 0 pe('ﬁ)! calcium ca b
N 1 rt the cell wall 1$ ﬂplasmﬂ' .m(!ﬂlbl ane aro und the pro mplas”l.

» ] . ] ’ 1 f ]' .

The pyrenoid is absent.

The chloroplast contain .
violaxanthin and neoxanthin.
m&m:‘k granules are the reserve food.

rowth

@h" th takes place by a large, dome-shaped apical cell at the tip of the
gTOW :
) Highlights

Cﬁé(a

ﬂnte,, ¥

s chlorophyll-a and —b, carotenes-a, -B, anq _, luteiy, b
BATN

—

\

Chara 1s a green alga.
Itis included in the class Chlorophyceae.

It is commonly called stonewort or bl:‘ittle wort.

The plant body is encrusted with calcium carbonate.
It grows in pools, ponds and lakes.

The plant is a haploid gametophyte.

The thallus is macroscopic.

Itis an attached submerged alga. |

It consists of main axis and rhizoids.

The plant is attached to the substratum by rhizeids.
The rhizoids are uniserigte and branched.

Th

€ main axis co

nsists of nodes and internodes

The node bears t

hre

¢ types of branches namely leaves,

Stipulodes and

axillary branches, |
The leaves arise ag 5 whorl around the node. |
They have limiteq growth,
The leaves are also called
They have alsg nodes and
The nodes of leaves be

Primary laterals or branchlets,
Internodes.

arunicellular brancheg called stipulodes and sex




p 7 10 called lateral br ‘”‘f-"!;'\;—w\ 167
¢ ;ﬁuﬂmﬁeﬂdgm‘{"t:l odes, | ' o

, 1th® 1 ars nodes, intetriodes, leaveg, g, \
' I@s"_ ves of axillary bratiches are ﬁa“edgggg:xn ol

, The ™ ans arise from the nodes of the leaveg 'y laterqjs
d the fem'a]e sex

, .};%’é e sex organ is called globule o

' . ) Organ ig ¢
rmc?’fﬁ:u]e is situated gb]:wg the globule, alled

o 10 slls that surround the internodal celf gonefie:cr. |

, The Ceﬂcess of development of cortey Constitute the Cortex.

ahe DI A . is cal led ;
' Th:’; geﬂ consists ‘of cell wall, plasma mem bra::glflaﬂ“”-
+ T coll wall is differentiated into an j nd p

e layer of colj

"yt made up of pectin anl(li Ctlzlqium carbonate, ulose and an oy
rotoplasm contains a haploid nucleys an discoj
' Tl:ifnoid is absent. 5co1d chlorgpiggy

' o chloroplast contains chlorophyll-g, and - |

' ;r:}i;,, lycopene, violaxanthin and neo;anthi;l:.’ carotenes-a, -f, and “%

, Sgarch gran ules are the reserve food.

. The growth takes place by apical cell.

, Charareproduces by two methods. They are: |
% Vegetative reproduction |
* Sexual reproduction.

. Vegetative reproduction takes place by the foiloxi:ing methods |
* Amylum stars * Bulbils ' |

* Tubers e * Secondary protonema,
» The sexual reproduction is oogamonus type. |

« In this type of reproduction, the male sex organ globule or antheridium

produces motile sperms and the female sex organ nucule or sogonium
produces non-motile egg.

+ Charais homothallic and protandrous. |
+ Some species are heterothallic. ?‘
-+ The life cycle is haplontic type. |
-+ The haploid phase is dominant and the diploid phase is represented by the |
_ Ygoteonly. i

Reproduction

@wra reproduces by twe methods. They are:
' * Vegetative reproduction
* Sexual reproduction.

Vegetative Reproduction
Vegetative reproduction takes place by the following methods:
L Amylum stars 2. Bulbils

3. TUbBFS 4 SGCOHdaQ’ protonema.



8 e .~ L0 I
| s - . e R‘J';'; :1.“10"

_Amylum Stars |
These are star-shaped, multicellular bodies.
ey are produced on the lower nodes of the main axis.

Fach amylum star is an aggregation of cellsrich instarch.
ydes and grow 1nto new plants. Eg.Chgp, e
k\.%&?ﬁq

These stars get separated from the e

Fig.12.4: Chara-Amylum star and bulbil.

2. Bulbils ,
er-like structures produced from the lower noge g

Bulbils are small, rounded, tub
70ids of Chara. When the bulbils are detached from the nodes, they grow into new plans f,

Chara aspera.

3. Tubers
Tubers are ovoid bodies rich in starch.

hey are produced on the rhizoids.
( They are also known as root bulbi
“During favourable season, they get separate
4. Secondary Protonema
%Iche filamentous structures arising from nodes or rhizoids of old stem of Charaare called
secondary protonema.
Structurally they are similar to the primary protonema.
The secondary protonema forms nodes and internodez)
When the protonema gets detached from the axis, it dévelops into a new plant.

( Sexual Reproduction
The sexual reproduction in Chara is oogamous type as the eggs
Chara is a haploid gametophyte.
The sex organs are multicellular.
They are protected by a sterile envelope.
The male sex organ is called globule or antheridium.
The female sex organ is called nucule or oogoniunm.
The sex organs are produced at the nodes of the ‘leaves’. L Thef
The globule is formed on the lower side and the nucule is formed onthe upper side:

re protected by stipulodes )

d and grow into new plants.

are non-motile.
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5 cHA*_‘A " aﬂif and protandrous. 169
pecies are heterothallic. Eg, Cpgy,, Wallic ”y

e ! f Chara, 1t i
e . (he male sex 0Tgan o -1t algg _
::bulﬁ 18 th m bu@ Nown a4 antheridinm or

¢
g 0f sp
Wgﬂ "

\i\

—

Shield cell {//
Ashield ogf - ‘-"
m::"dd cel.l »:mh @ manubrium kk ) Vesicle
Untheridial filaments. J
A sperm

Fig.12.5:Chara-4 globule and its components.



1 e Tormed on the lower side. N
: "

velons at the nodes of ‘leaves _ !
%Tﬁlﬁil@h is a large, BOHOW, P her ic","’m,w:’” E- It 18 yellow or red
It has a short stalk called pedic 1 cell which projects " "lt ecavity. ool
The wall of the globule consists of 8 curved plate-like c€ Iscalled shield coy,
The outer surface ofthe chield cell is convex and the inner surface is concgy,
From the centre of cach shield cell arises an elongated cell called manyp 'fu:;; .
glﬂhlleoomainss manubriainthe hollo?w space. Thys b
At the tipof each manubeium, there18 one or

o primary head cell.
Each primary capitufum produces 2-6 seconda

two rounded cells called Primary
capifﬁfam
ry capitulum cells or sec
Ondary he,,

uces two long uniseriate filaments called angp, ridi
i,

Each secondary capitulum prod

. spgmmgemggﬁ]ameﬂf& Fach spermatogenous filament consists of 5.9 "**

mother cells. : : o
Each sperm mother cell gives rise to an elongated spirally coiled, biflagellqs, $p

€rim oy

spermatoz0id. :
dof Charais spirally coiled with about three turns.

q;:e spermatozo
¢ anterior end is fhin and pointed.

A vesicle is present at the posterior end of the body.

Two flagella are attached at the anterior end.
Each spermatozoid has an elongated coiled nucleus and has a cytoplasmic sheqy,
all

overits body. The spermatozoids are liberated as the shield cells separate.
’ :
Nucule is the female sex organ of Chara. It is also known as eogonium

Fig.12.6:Chara-Sex organs L.S.of. nucule




O radeof
7: 0 4t the NOGES eaves’ . ltis|
R roduced“t  hipeund 8 located op |
i is pvalins ape an has a short ped; the upnos
Ll qucule s black in colour. pedicel, PPer side, 171
memt:insasing]eggga X l
I M;gs cell contains a SINBIC basal nucleus, depg, Cytopl,
g g oits ded by a steril ; PLasM and rosepy
& e’ uﬂ*ﬂumle cone tse{"’mecm’e envelope ‘
" he : con : PE.
ive envelope CONSISBO five spitall
10 elo :
e cll cuts Off 8 small crown cell at thg ape‘;ga;ed Sterile cells calleq
o five rown cells together form a corong at the; the nucyle, titbe-cofj
h . sontains @ colourless area at the apex called 22;222 hucule,
pot.

Joods i

wﬁﬂiﬁtlon cule, the tube cells aro i
';_I‘T?ﬁiareggnnedm ool
WS e pial wall at the receptive spot gets gelatinized
” atozoids enter the nucule through the slits of th
ofthe spermatozmds enters the egg cell through thz eglg:t]i(rrgz' d
€d oogonial wall and

e

Tube cell

Egg or ovum

Pedicel

Fig.12.7:Chara-F ertilization.

Asa C 1 ;
Suﬁ adiploid zygote is formed. This zygole secretes athick wall

around it to forman

“Spore,
i .
(Mrapeiatorenen
o oy hap riod of rest, the diploid nucleus of the oospore unde
bing \f’l‘"d nuclei.
Uleug ang a;:i? septum develops between the nuc upper cell containing asingle
 The} er cell containing 3 nuclei are formed.

rgoes meiotic division ©0
lei so thatan

Wer ‘
cell degenerates in course of time.



172 | : . " | s : ’ i » % .
ically into aprotonemal initial and o p,; At

Theupper cell :_hyldes ve ey : Phizogg il
Ry repeated divisions the protonemal initial develops intoa filamentoyg PT:t’ ’"iﬂ,,{ |

imary profonema. o
mfﬁ%ﬂ i%%ren‘iates into nodes and internodes. The thizoidal initia| gives ri vl
hizoids, . 5 Colg

{ fihe primary profonetnia then grows into a new plant. ) U,
Sonclusion | ‘ |

The life cycle of Chara?s haplontic type as the haploid phase is doming
Diploid

nucleus  Qospore wall Haploid nuclei

(
Oospore wall ~ Rhizoid_ \

Fig.12.8:Chg : _
%128:Chara- Primary rhizoid

Germination of oospore



e - |

ive thallus is a haploiq 8ametgy),

!. e y u;:ﬁ%’s and spermatozoids by i 'f;pi’:fn (120
(1 atozoid fuses w.lth‘the €88 10 form diplo‘;;&

P undergoes meiosi O form hapioj . 9 Fgore 3y,

1172 ary protonema grows into a ney g etoph;!‘tous Primayy,,

e ptflle diploid stage is represented opjy by the %Vgo: plant (N), " " onem,

fere 0 alrernation of generatipy,

™" phylogeny and svstemau .

Positi
of Charajeg -
‘harales have uncertajy affinitioc .. -
mbers of Cnat g Nities with
:;a]s(} no enough fossil evidence to explaiy, the ph(;loeregfoum Of plangs
4 [;h},] ogeny of Charales remains a mystery, 8ENY of Chargeg
S?I cvidences Supporting the phylogeny of Charales gre based on the b
A ¢ Thereare three schools of thought on, ¢he Phylogeny FChara Characterg Of fiving
i : frstschool of thought states that the members of Charafeg shou]def,é
hetween Thallophyta and Bryophyta, This View w kept

f*‘!ﬂﬁ Theyquoted the following reasong to Support their view- Y Charle
i ORI ’

| Equisetum-like plant body consisting of hodes an( internoges,
; Whorled arrangement of branches on nodeg,

+ presence of protective sheath around the egg cell.

¢ prsenceofsterile wall around the antheriqial mofhes s,

3 Spirally coiled biflagellate spermatozpig

¢, Presence of protonemal stage during the germination of 00Spore,

1. Presence of dominant gametophytic phase.

Onthe basis of the above features, the order Charales
sveen Thallophyta and Bryophyta,

Thesecond school of thought states that Charales should be

kept as a separate elass under
a4 GM. Smith, V.J. Chapman, TV, Desikachary,

Sundaralingam, Prescott, etc. are
g believers of this view. They stated the following reasons to include Charales as separate
s Charophyceae under al gae:

| Absence of alternation of generation.

; Marked differences in the structure of sex organs from those of Bryophytes.

Presence of haplontic type life cycle. T
ey believe that the differences between Charales and Chlorophyceae are mf'hﬁgg’::;&;f
“tem from algae, The sex organs are modifications of a single cell. HOW’SII’ e rankof
qu»v Eg:i‘“"idplant body and protected sex organs. Hence Charales s raised

"0Phyceae under Chioro hyta. r the class
0 schoo] of thought sf:ates that Charales should be kep! ﬁgj lby "OP

Phyceqe, This vj d by FE. Fritsch and suppors hyceae:
gy ViIew was first proposed by F les as an order of Chlorophye

] ;fheey Auoted the fol lowing reasons to include Charales

J . tophorales.
L Pregen.. 20 internodes are similar to that of Chactop

esence f . . '
} OF haploig Hus.
Preg e ofs Plowd vegetative tha

Imilar Pigments in Charales and 0

is elevated to the rank of a division

ther Chlorophyceae.



4, Presence of starch as resef\;ffrf“"; ‘Ie
e cycle. "
5. Presence of haplontic type order Charaless included under the clagg Chioy,

Because of the ﬂl:":’;ﬁt??: 11|;|h: ank ofadivisionand named Charophygy —""Voey
In recent years 1118 Falscts

Life Cycle of Chara

reen alga.
su)!:;:ft’t'g :ndsgo f ponds, pools and lakes.

ue to the deposition of calcium carbopgy, H

Charaisa ﬁesh;ﬂf:;; i

is attached to the MY

2-;; plant body is hard in texture d

' jttle wort.
called stonewort O bntt{e W nte (V)
: id gametophyte (1Y), L .

The pli‘sntt (:sa ; :ig;xltﬂﬁf 230_30 cms. It has a branched main axis and rhizoig 1, b
g to the substratum by means of rhizoids. T l
) The main axis is di fferentiated into node.s and l;!temz es. 1he node bearg three e

Jeaves’, stipulodes and axillary branches. . 0
branches namely ‘leav ,lrlagbmches contain nodes and internodes simila; to that e
- i

it i

The ‘leaves’ and axi
. The node of the axillary branch also bears ‘leaves” as well as stipulodes.

The node is corticated. : idi
Se: It::»rgams such as nucule (oogonium) and globule (antheridium) are located gy the

nodes of leaves. _
Nodal cells are smaller and shorter than internodal cells.
The cell wallis thick and is differentiated into an inner layer of cellulose and an gy
of pectin and calcium carbonate.
Inner to the cell wall is a plasma membrane around the protoplasm.
The protoplasm is dense and granular.
It possesses a haploid nucleus and a few discoid chloroplasts.
Pyrenoid is absent.
Starch is the reserve food.
The chloroplasts contain chlorophyll-a and -b, carotenes-p and ~Y, futein, lycopens
violaxanthin and neoxanthin.
The growth takes place by a dome-shaped apical cell. All cells of the thallus are deriz
tives of the apical cell.
Chara reproduces by two methods:
* Vegetative reproduction
* Sexual reproduction.

The vegetative reproduction takes place by amylum stars, bulbils, tubers and secont
ary protonema,
 Amylum stars are star-shaped bodies rich in starch produced on the lower nodes of i
axis. They grow into new plants, when they get detached from the axis.
Bulbils are small round structures produced on the lower stem nodes and thizoids Wi
they get detached from the stem, they germinate into new plants,

- Tubers are ovoid bodies rich in starch produced on rhizoids. They germina® al
plants,

lyer



ew plaﬂii-’d ction in Chara is oogamoys pum Y Protonegms
rotected by a sterile envelgpe - ¢ SEXOr

pmtected y a sterile envelgpe, £anS are p Y spes

an is called globule or antheridiu,,, and SPecial.

4 glesex 0T

protonema
(N)
Amylum stars
(N)
Tubers
\/ (N)
Bulbils
(N)
Vegetative
Reproduction
Chara

AN

Primary protonema Globule  Nucule

) !
Meiosis Sexual

5 Reproduction
ospore
ON) A
\ Spermatozoid
Zygote

2N |
N \. Fertilization

Fig.12.9:Chara-Graphic life cycle.
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e the t

The globule and nucule ar® found in the same t}qla:ucule NP
Thegl pule s formed on the (ower side and the’ The globule mat * ePPersig
s thallic and pr androus (ie. The BIOOUIC Matures firg) 'M%l

species of Chara are homoid N lic. g, Charawa llichii. 20

' t
zeviamica. But some gpecies are hetero :

. as anﬂleﬂ.‘ﬁ“m Py . .
The m S

1i led shield Uar spgp |

Ken . £8 curved plate fike cells cal cells, |

'}[:‘he gl:;lbqﬁn\:rall is mafief l::;gh hield cell, 2 rod-shaped cell called manubpiy,
rom the mnner §

The free end of the manubrium bears 2 few isodiametric cells called primgy, aige,
ef

it

sealar cells. .

cells and secondary capiti l]l‘:::i ‘; theridial filaments, aT1Se from each secondary o
Two long filamen & - 0-200 sperm moth Pituly
Each antheridial filament has a single W of 5 sp other cells. m

Each cell producesaspermat(fzoid.
Nucule is also known as oogonium.

Jt develops atthe node of primary aterals or leaves.

ule is oval-shaped and has a short stalk.
L i sterile protective envelope.

The 00 ojum is surrounded by aste
i tag:;s  large egg cell containing 3 basal nucleus, dense cytoplasm, stareh

oils. he protoplasm at the upper part of the €8 is colqurless and serves as receptive spyy
The protective envelope consists of five spirally coiled e}ongatcd cells called fube efs
The tube cells forma five-celled crown above the oogonium. The crown s called copgp,
Towards maturity, tube cells of nucule get separated from one another and leave namy
slits.
The egg secretes mucilage at the receptive spot.
The spermatozoid enters the 00 gonium and fuses with the egg to form a zygote (2N).
The zygote secretes a thick wall around it to become an oospore.
Aftera period of rest, the diploid nucleus of the oospore undergoes meiosis to form four
haploid nuclei.
A cross wall develops so as to form three - nucleate cell and uninucleate cell
The three - nucleate cell degenerates and the uninucleate cell divides into aprofonemd
initial and a rhizoidal initial.
The protonemal initial forms a filamentous protonema with nodes and intemodesa
grows into anew plant.
The rhizoidal initial produces rhizoids.
Conclusion
The plant is a haploid gametophyte (N). It produces sex 0rgans.
The male sex organ is the globule and female sex organ is the nucule. _
The globule produces haploid spermatozoids and the nucule produces 2 haploid &8
A spermatozoid fuses with the egg to form a diploid zygote (2N).
The zygote undergoes meiotic division to form a haploid gametophyﬂ't'lﬂ""‘ W
The haploid phase is dominant and the diploid phase is restricted t0 thezyg0te ™
The life cycle of Chara, is known as haplontic type.
There is no alternation of generation.

o
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