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' Reproduction

in Organisms

The period from birth to natural death of an organism represents 1its

lifespan. The lifespan of an organism is not necessarily correlated with
their body size, it can vary from one day to more than 400 years as shown

in the table below

Lifespan of Some Organisms

Organism Lifespan Organism Lifespan
Mayfly 1 day MDI"’IKE_?‘ 26 yrs

Butterfly 1-2 weeks Horse MEi_lZ-IlF_;rs_

Fruitfly 30 days Crocodile 60 yrs VA
Rice plant 3-4 months Elephant 65 yrs

Wheat plant 6 months Man 100 yrs

Rose 5-7 yrs Tortoise “ 1DD-_‘i-5_D Vrs
Dog 10-13 yrs Parrot W& 140 yrs _

Crow 15 yrs Mar;dn tree 150-200 yrs
Cow 20-25 yrs Bam}é-h tree EDD;éED Vs
Banana tree 25 yrs _ ééquafa - 36[}D~4{JDD yr;

Irrespective of long or short lifespan of an organism, death is a certain
phenomenon, i.e. no individual is immortal, except single-celled
organisms like Amoeba. So, there must be some processes in living
organisms that ensure continuity of species.

This process is reproduction. In this chapter, we will study the different
modes of reproduction present
this process,

in various species and the importance of
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Asexual reproduction occurs in unicellular organisms
(monerans and protists), some lower animals (sponges,
coelenterates, certain worms), plants and tunicates, It is
absent in higher invertebrates and vertebrates.

Asexual Reproduction in Animals

ﬁsm.ml reproduction is common among single-celled
organisms and animals with relatively simple organisation.
In lﬂ"-‘:-’tl' organisms like protists and monerans, the
organism or the parent cell divides into two, to give rise

1o new individuals. Thus, in these organis ivisi
is itself a mode of reproduction, g ivition

L

In animals oceurs |y, the
Ol

Asexual reproduction
methods

Fission
It is the division of the parent body ;
daughter iqdividuals identical to th}; 1::1?“ OF mgy,
by binary fission and multiple fission . “ ey
1. Binary fission It is the division of the
into two small, nearly equal sized day P}?[ Mg
individuals, each of which rapidly gmﬁfr
adult. It occurs in single-celled anjm i/ iiJ:nm
and protozoans, e.g. Amoeba, Parameciyy, Z,baql,h

etc. Ugleny

Types of Binary Fission
Various types of binary fission are a5 follows
(1) Transverse binary fission The fission in wh
plane of cytoplasmic division coincides with
transverse plane of an individual, 25 seen jn e
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Fig. 1.1 Binary fission in Paramecium




ii) Longitudinal binary ﬁ.ssi.n{l Coincides with the
i lnn_g?:!diml plane of individual, e.g. Euglena.

(iii) Oblique binary fission When division occurs at
an angle to the transverse axis, e.g. Ceratium
gonyaulax.

(iv) Irregular or Simple binary fission The fission in
which plane of cytoplasmic division is not fixed,
and division can occur in any plane, but it is
always right angle to the elongated dividing
nucleus, e.g. Amoeba.

Pseudopodia

Pseudopodia
withdrawn

Dividing nucleus

Constricted cell

Daughter cells

Fig. 1.2 Binary fission in Amoeba

2. Multiple fission It is the division of the parent
body inte many small daughter individuals
simultaneously, each of which grows into an adul,

e.g. Plasmodium (the malarial parasite), Amoeba (during

unfavourable conditions), etc.

Many daughter cells

MNucleus produced by multiple fission

(mesozoites)
released

Cell (schizont)

Fig. 1.3 Multiple fission in Plasmodium

Daughter cells

Budding

ion in which o
; ual reproduction in w ne or
It is a mode @3]; ‘:im Al pfﬂi‘:‘:tiun.s called buds are
mu:: u:ldtfll'-zat T artached initially to the parent cell,
Eh]::: c:inr:all}* get separated o o et

isms, €.g- yeast Hydra, etc. ‘
;;Ean”;ig ci the place where the bud arises, budding
epen

f two types
lmﬂl h;:ttmal budding (Hydra and yeast) In Hydra,

' oreanism) regenerative cells are used
E-::ul:;: Iﬂi[uliz:iungzuring budding, A bud drﬁrg‘lﬂps
as an outgrowth due to the repeated I;.'EH -:lu..rxsmns at
one specific site. These qus develop into tiny
individuals which on getung fully .I'I'liitl.'ll:f:[l, detach
themselves from the parent body becoming new
independent individuals.

Note The complex hudded condition of the parent body is
known as torula stage.
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%\ > —_—

E Initiating

£ bud Developing

2 bud Mature Daughter
bud Hydra

Fig 1.4 Budding in Hydra

The same process occurs in yeast, where nucleus
divides by the process of budding into a new bud
which gets detached from parent yeast.

Mucleus of bud

Dividing nucleus
Nucleus of
parent cell

Parent cell
Fig.1.5 Budding in yeast cell

2. Internal budding (Gemmule formation) A mass of
cells enclosed within a common opaque envelop,
rich in food, which germinates into a new plant, is
called a gemmule. Gemmule formation is common
in freshwater sponges (e.g. Spongilla) and a few
marine sponges. Each gemmule has a group of cells
called archaeocytes surrounded by the protective
covering. During adverse environmental conditions,
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Fig. 1.6 Gemmule in sponges

Sporulation
The process of formation of sp
sporulation. It is ::Il-:[-:dc n_f E;};:ﬂ
Protista, Algae and Fungl.
singlt-ce]l:dg,atl'lin or rJ'liq:k-waﬂtEd pt‘ﬂpﬂgl-llff*- In.l
unfavourable condition, vegetative p_mpagatmn in
plants occurs by spore formation. Different organisms
produce different types of spores as given below
) Zoospores They are microscopic motile
! stm:l:rfs with zm: or two flagella. The ﬂagtlla
helps the zoospores to swim in aquatic habirtat
for proper dispersal. These are the most common
reproductive structures seen in members of the
kingdom-Fungi and simple plants such as algae,
e.g. Chlamydomonas, Albugo, Ulathrix, etc.
Zoospores

ores is known as
duction in Monera,
spnrﬂﬁ are mMinute,

Parent cell
(2eosporangium)

Fig. 1.7 Zoospores of Chlamydomanas

(if) Conidia They are non-morile, exogenous spores,
which develop dlmugh constriction on the tips
of the Pyphae in fungi, e.g. Penicillium
Aspergillus, erc. !

w
Fragmentation . |

It is a mode of asexual reproduction in which

breaks into distinct pieces, each of which fepe Pareng, b%’
oftspring. It is found in sponges, sea mtmﬂitﬂcrathﬁ inty
(coelenterates) and echinoderms. It is also “
(e.g. Spirogyra), fungi, etc,

Note Algae and fungi, though reproduce asexually can

sexual methods just before the onset of adverse cnndﬂ-smﬂh to

plants also exhibit sexual as well as asexual modes pf th
: Clion,

Asexual Reproduction in Plants

found i, ik

In plants, asexual reproduction is commonly known

vegetative propagation. It is the process of furmati.m a; |
plant from detached vegetative parts of the parent Pl-ﬂ-llut . .
vegetative structures are called vegetative Propagules, The |
This process helps in multiplication of seedless plants |
sugarcane, banana, etc. The process is asexual '8

; 35 it does not
involve two parents.

Vegetative propagation in pl:lnrs is of two types

Natural Vegetative Propagation

Under favourable conditions this can take place by the
following vegetative propagules

1. Roots The buds present on the roots grow into lcaf?
shoots called slips above the ground and adventitioys
roots at their bases. Each slip gives rise to a new plan
e.g. sweet potato, Dahlia, guava, yam, Tinospora, et

2. Underground stems Underground modified stems
possess buds which grow into new plants.

Some of its types are given below

* Suckers They arise from the base of the erect shoa,
grow horizontally in the soil and then come out to
form new aerial shoots. These shoots become
independent when suckers break away from the
parent plants, e.g. pineapple, mint, Chrysanthemun,

erc.

s Rhizcrmes These are modified stems with buds and
SUH:lEIIEnt food storage. A piece of rhizome
containing bud can give rise to a new plant. This

methuc} is used in propagation of plants like ginger
turmeric, banana, lotus, etc,

* Bulbs These are highly reduced underground stem

with a number of buds, e.g. in onion, lilies, garlic
etc. |

* Tubers These are modified underground stem
branch?s having several buds, e.g. each eye of the
potato is a bud, which grows into a new potato
plant when planted with 2 portion of swollen tub¢t
The potaro crop s raised by the tubers not by secls
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3. Creeping stems Vegetative propagation by the
means of creeping stems, can be categorised as under
. Runners These are modified stems, which |
produce adventitious roots ar nodes. Each node
gives rise to an aerial shoot which becomes a new
plant, e.g. Oxalis, Centella, grasses, etc.

» Offsets These are one internode long runners,
which develop tuft of leaves at the apex, e.g. Pistia
(water lectuce), Eichhornia (water hyacinth), etc.

Water hyacinth (Eichhomia) is an aguatic plant which is also
called Terror of Bengal because it propagates vegetatively at an
arming rate and spreads over the water body in a short period of
time. I drains O, from waler which leads to the death of fishes. It
introduced in India for its beautiful flowers and shape of leaves
but eventually caused death of the rivers and lakes due to ils

uncontrofied growth.

Modes

Germinating
k7 eye buds

Adventitious roots

(a) (b)
Far Colour =G
Fig. Scan 5] Adventitious buds

(c) (d) (e)
Fig. 1.9 Vegetative propagules in angiosperms
(al Rhizomes of ginger. (b) Potato tuber
[c) Offset of Eichhomia, (d) Leaf buds of Bryophyiium
(e) Bulbil of Agave

4, Aerial stems Aerial modified stems of cacti develop
new plants when the stem segments fall on the
ground. These act as a means of vegetative
propagarion, e.g. Opuntia, etc.

5. Leaves Some plants develop adventitious buds on
their leaves which get detached and develop into
new plants, e.g. Bryophyllum, Kalanchoe, Begonia,
ete. This ability is fully exploited for commercial
benefits by farmers.

6. Bulbils These are fleshy buds produced in the axil
of foliage leaves in place of axillary buds. They |
grow to form new plants when they shed/fall on the
ground, e.g. Agave, Oxalis, Allium sativum, lily, etc. |

. the plants like potato, sugarcane,
The new plantlets m:n CE:“ arise invariably from the

bfrndzﬂjfsﬁfﬂi;lﬁf modified stems of these plants,
n It in contact with damp soil or

Wh e

en these nodes com

water, they produce roots and new plants because of the
; : I m.

meristematic cells present In the

Artificial Vegetative Propagation

i tion can also be done H[tiﬁf:iall}r and, the
:ﬁ:ﬁ P;E:haﬁads for vegetative propagation are called
artificial methods of vegetative propagation. They include

I Cutting In this method, a small piece of any plant
organ (stem, root or leaf) is used for propagation,
Bryophyllum), roots (tamarind), stems

e.g. leaves ( nari
{sEgucane, grapes, rose and Bougainvillea).

2. Layering In this method, roots are artificially
. duced on branches of stem before they are
detached from the parent plant, e.g. jasmine,
grapevine, litchi, orange, etc.

3. Grafting In this method, parts of the two plants are
joined in such a way that they grow as one plant.
The rooted supporting portion of one plant called
stock, is joined with the twig of another plant
called scion, e.g. rose, apple, plum, peach, mango,
etc.

4. Micropropagation This method includes
propagation of plants by culturing the cells, tissues
and organs in laboratory which is called tissue
culture. Initially, this forms an undifferentiated
mass of cells called callus. Later on, this callus
differentiates to produce many small plantlets.
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ual reproduction. These gametes fuse to form a new cell

Sexual Reproduction in Higher Organisms

called zygote, which grows and develops into a new

individual.

As fusion of male and female gametes is involved, the
offsprings produced are neither identical to the parents
elves. In comparison to asexual

nor amung&'t thems
aborate, complex and slow process.

reproduction, it is an €l
However, it has certain advantages over asexual

reproduction such as
(i) Genetic recombination in offsprings causes variations.
(ii) It plays an important role in evolution.

* Sexual reproduction is exhibited by multicellular
organisms, i.e. all flowering plants and most of the
:;m':m:a]s- Before an organism Starts to reproduce sexually,
it has to attain a certain level of growth and maturiry.
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Sexual Reproduction in Plants

(i) Annuals and biennial plants exhibit evident F
vegetative, reproductive and senescent phases o
growth.

(ii) In perennials, these phases are not defined clearly.

(iii) Some plants show unusual behaviour FD{ flowering,
e.g. Strobilanthes kunthiana (Neelakurinji) plant
flowers once in 12 years, whereas bamboo plants
flower only once in their lifetime generally after
50-100 years.

Note Between September-October 2006, Neelakurinji plants mass
flowering transformed large tracks of hilly areas in Kerala, Karnataka
and Tamil Nadu into blue stretches and attracted a large number of
tourists.

Sexuality in Plants

In some plants and fungi, male and female reproductive
structures may be present on the same plant, such plants
are called homothallic or monoecious, e.g. Chara,
Cucurbita, coconut palm, etc,

Whil; in some lower plants, male and female
reproductive structures may be present on different
p!ﬂ.ﬂ[.?:. These plants are known as heterothallic o
dioecious, e.g. Marchantia, date palm, etc.

In angiosperms, flower is the re roductive

plant. In some angiosperms liknpmusl:a:d, {gﬁ;aﬂfi:

etc. each flower contains both stamens and pistil. S !hpﬂj
type of flowers are called bisexual flowers i

In contrast to above, in some an +
Papaya, watermelon, sunflower,
contain either stamep or pistil,

called unisexual flowers

glosperms such as
rice, wheat, etc. flowers

Such type of flowers are

Unisexual flowers with stamen (stami :
male flowers, while flowers with pigy; Elte
are female flowers. Pisti]), ™

%
[=]

For Colour
Fig. Scan

Female thallus Male thallus

(D)
Fig. 1.10 (a) Monoecious plant (Chara)

(b) Dioecious plant w&mﬂanﬁa]
(c) Bisexual flower (Sweet POtaty

Sexual Reproduction in Animals

(1) Some animals remain reproductively actiye
throughout their reproductive phase, such iy
are called continuous breeders, e.g. humany =

(11) On the other hand, there are some animals, i j;
become reproductively active only during | d
favourable seasons in their reproductive phasy
animals are called seasonal breeders, e.g dogy' "
birds, frogs, lizards, etc. 5

(iii) In animals, morphological and physiologicd
changes occur prior to and post-reproductivepl;
During the reproductive phase in mammals e
acuvities of ovaries, accessory ducts and homi#
exhibit cyclic changes as follows D
(a) In the non-primate animals such as dogs, UFE

cows, rats, sheep, deers, etc. these cyclicchf-

It
are called oestrous cycle. p

(b) In the primates such as monkeys, apes and
humans, etc. these cyclic changes are called =
menstrual cycle, F

Sexuality in Animals

Gn i . . . X 3
the basis of sexuality, animals are divided into®

categories, i.e. bisexual (hermaphrodite) and uni
animals.

-




P al They possess both male and female
. S8 du:‘i"" organs in the same individual,

: o carthworms, tapeworms, leech, sponges, ete,
I

Testes sacs with testis

Owvaries

Fig. 1.11 Bisexual animal (earthworm)

r 7 Unisexual Both the sexes are separate with distinct
" nale and female individuals, e.g. cockroach,

dog, etc.

Fig. 1.12 Unisexual animal [cockroach)

Differences berween asexual and sexual reproduction

s
psexual reproduction Sexual reproduction
ch tis aways uniparental and |t is generally biparental and
does not involve gamete always involves the formation
formation. ~and fusion of gametes.
[t involves only mitotic cell |t involves meiotic division during
dvision. gamete formation and mitotic
division during the development
of zygote.
€ |t does not contribute to It contributes to ew::[utir::-n_by e,
gvolution. introducing variations in the
o5 offsprings.
Daughter individuals are Daughter individuals are Cva
5, genetically identical genetically different from their
toparent and to each other.  parent and also from each other.
It causes rapid increase in |t causes slow increase in
population size. population size,

Events in Sexual Reproduction

The sequential events thar rake place during sexual
I::pmductiun can be grouped into three categories,
L¢. pre-fertilisation, fertilisation and post-fertilisation.

Pre- Eertilisation Evenls

um{luctiﬂn that take F[a;;:
etes are included in this categor
n events are given below

All the events of sexual
before the fusion of gam

Two main pre- fertilisatio

Gametogenesis f male and female gametes

tion O a

lar in and it is not possible
tes are simila appearance
e sumuilar 1
dfffcmntiat: them into male and female gametes, the
to dif

are called homogametes Of isogametes, €.g. 1IN some

algae.

e Ifthe male
dissimilar, they are
heterogametes, the m

logicall
female gametes are morphologically
F Emcallfgt:aterugamete& Among

ale reproductive unit is ca]l_ed .
anﬂ'h:rn:-:uid or sperm and the femalﬂ repmducrwe Uit
is known as egg or ovum [fig. 1.13 (b, c)]. |

« Cell division during gamete formation Organisms suc

as monerans, fungi, algae and bryophytes }Ea‘-’t_ haglf:id
parental body, they produce gametes by mitotic divisio

whereas, organisms belonging to P[t‘:[ldﬂph}-’tts,r
gymnosperms, angiosperms and most of the animals

including human beings have diploid parental I:uc-d},.r an
gametes are thus formed by meiosis. In such organism:

specialised cells called meiocytes (gamete rr:mrher cell)
are present, which take part in the production of

gametes.

Flagella

MNucleus

Ovum (female gamete)

Sperms
(male gametes)

lc)
Fig. 1.13 Types of gametes
(a) Isogametes of Cladophora (an alga)
(b) Heterogametes of Fucus (an alga)
(c) Heterogametes of Homo sapiens (human)
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Gamete Transfer

ete formation, male and female gametes
should come in physical association with each other, so
that they can fuse with each other. In some algae and
fungi, both male and female gametes are motile whereas
in majority of organisms, male gametes are motile and
female gametes are stationary.

* In simple plants like algae, bryophytes (moss) and
pteridophytes, water acts as the medium for the
transfer of male gametes, During this transfer, a large
number of male gametes fail to reach the female
gametes. To fulfil this loss, the number of male
gametes produced is several thousand times the
number of female gametes produced.

* In seed plants,
have to be transferred to st

» After gam

cross-pollinating plants (includine d:
help of an agent (e.g. wind, water

This transfer of pollen grains fropy, s
called pollination. In unisexual 4
evolve spccial mechanism for Eamttm"ll.

(e.g. copulatory organs). € trgp.c B

Fertilisation

The process of fusic-ln. of .ma]r.- gamete with
gamete is called fertilisation or Syngam, ; e
formation of a diploid cell called zrgutf' It

It is mainly of two types depending On the

occurrence of syngamy. ’“*i:aﬂﬂ'fi
Ses . Lantil
1. External Fertilisation zgﬂﬂf‘

In majority of the aquatic organisms, el .
in amphibians, the process of fertilisatigp o2 #he 0!
outside the body of the organism, j e i

of gametic fusion is called external fﬂ“ilinﬁ .
To enhance the chances of fertilisation, thel &

exhibiting external fertilisation discharge , B or,
of gametes in water, e.g. bony fishes, frogs, m_‘nﬂfﬁ-

By this process, a large number of offspring, ife
produced, but with a disadvantage of they hdq,mbf
vulnerable to predator. This threatens thejrante -

iy n or
adLﬂ[hﬂﬂd. :liw.-'i d
2. Internal Fertilisation -reafs

: . ot
In most of the terrestrial organisms, e.g. fungi H’ﬂ

animals (reptiles, birds and mammals) and mg R
plants such as bryophytes, pteridophyntes, gy E
and angiosperms, the process of fertilisation akahe |
inside the body of the organism. This type of rallec

fusion is called internal fertilisation. ‘olloy

In the organisms exhibiting internal fertilisation, (1)
non-motile egg is formed inside the female bods¥

fuses with the male gamerte that is motile. Theng (ii)
ova produced are less, but a large number of m

gametes are formed, as many of them fail to readBasec
ova. However, in seed plants, the pollen tubeshiplace
non-motile male gametes to reach the female gménim

In }}‘?nﬂ}’hfiﬂsa an interesting phenomenon ssm (2)
fertilised eggs (zygote) give rise to queens and i
bees (both female) and unfertilised eggs (ova) &

into drones (males).

: Plrfljmn_ncarp}r is the production of fruit withtlt
fertilisation of ovules, thus resulting in seedies
may occur naturall}r or can be induced ﬂﬂiﬁ‘i’ﬂT'

:t:s il: :n:? Me organisms like rotifers, honeybees: birds (1
organism ,:;; Ilzarﬂs'. il female gametes (ovum) form fek
pa ﬂhﬂnuggn;l]lt Temhselltu::n. This phenomenan is caJlErlj‘
changes accy $i8. In animals, morphological and phys

F Prior to and post reproductive phase
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