ANIMAL REPRODUCTION

5LOs: After completing this lesson, the student will be able to:
1. [B-10-H-01] Describe the role of hormones in both male and female sexual development.

2. [B-10-H-02] Describe the process of gametogenesis and fertilization.

3. [B-10-H-03] Describe asexual reproduction and sexual reproduction mechanisms with examples
{plants and animals)

4, [B-10-H-04] Describe sex determination in human
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Reproduction is a biological process by which new individuals of a species are produced from
existing one. Although reproduction is not required for the survival of a single living being, it is
essential for the survival and continuation of a species. There are two main types of reproduction:
asexual and sexual. Each type has different mechanisms and occurs in both plants and animals. In
grade 9, you have learned about plant reproduction. In the current chapter, you will be able to

understand fundamental concepts of animal reproduction.

6.1 ROLE OF HORMONES IN MALE AND FEMALE SEXUAL
DEVELOPMENT : ;

Unlike other organ systems, the reproductive system is unique because it becomes functional at a
certain age after birth, called puberty. Sexual development that leads to the puberty in both
males and females is controlled by some substances, called hormones. The hormones are
chemical messengers that are produced and released by endocrine glands in blood. The
hormones interact with their target cells due to the presence of specific receptors on the target

cells.
6.1.1 Male Sexual Development

In males, the hormones responsible for sexual
development and maintenance of reproductive functions
are testosterone and follicle stimulating hormone (FSH).

|) Testosterone

Testosterone is mainly produced by the specific cells of 4

testes under the influence of pituitary gland hormone. In - Hypothalamus

female body, ICSH is also called luteinizing hormone (LH). _ it
n

Testosterone is very important for the development of
male reproductive organs during puberty. It controls
maturation of sperm and the maintenance of the male
reproductive system. It stimulates the development of
spermatocytes into spermatids and eventually into
mature sperm. Testosterone also promotes the
development of secondary sexual characteristics, suchas
the growth of facial hair, deepening of the w:-ice. and
increased muscle mass. “Pituitary gland "

Testosterone

ii}FancIestimulatinghurmnne{FSH} AT TR

Follicle stimulating hormone (FSH) is produced by the
anterior pituitary gland. It stimulates these cells to
support the development of sperm cells and regulate the
early stages of spermatogenesis.

Both testosterone and FSH are necessary for normal
spermatogenesis, but they act at different points in the
process. Testosterone promotes the final maturation of
sperm and maintenance of the reproductive
environment, while FSH initiates and regulates the early
stages of sperm production.

Fig. 6.1: Role of hormones in
female sexual development
and maintenance
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6.1.2 Female Sexual Development

In females, the hormones responsible for sexual development and maintenance of reproductive
functions are oestrogen (also written as estrogen), follicle stimulating hormone (F5H), luteinizing
harmone (LH), and progesterone.

i) Estrogen For your information

Estrogen is produced by the developing follicle in | FSH and LH are collectively called
the ovaries under the influence of FSH. Estrogen is | gonadotropins. Anterior lobe of pituitary
responsible for the development of female |gland releases FSH and LH under the
reproductive organs, such as the uterus, fallopian | stimulation of gonadotropin releasing
tubes, and secondary sexual characteristics during | hormone (GnRH) from hypothalamus.

puberty.

ii) Follicle stimulating hormone (FSH)

FSH (produced by anterior pituitary gland) is
essential for the development of ovarian follicles,
one of these follicles undergoes oogenesis and
produce ovum or egg (female gamete). It also
stimulates the estrogen production and prepare
the body for ovulation.

iii) Luteinizing hormone (LH) i

High concentration of estrogen inhibits the FSH Fol, ©O s, 4
secretion. This condition leads to the production rM
of LH from anterior pituitary gland. LH causes the B
rupturing of matured follicle in which a developing Ovulation—. 2 Coipus
ovum is present which ultimately released in the Luteum

oviduct. This rupturing of matured follicle and the
release of developing ovum is called ovulation.
After ovulation, the LH transforms the ruptured
follicle into a yellow-colored glandular mass, the

corpus luteum to produce progesterone. 55 ki o RN s el s
iv) Progesterone development and maintenance

Progesterone is produced by corpus luteum in the ovary. It plays an important role in preparing
the body for pregnancy by thickening the uterine lining, which is essential for embryo
implantation. High concentration of progesterone also inhibits the release of FSH.

6.2 GAMETOGENESIS AND FERTILIZATION

Sexual reproduction involves the steps: gametogenesis, fertilization and development of zygote.
The process of gametogenesis and fertilization are closely related and form the foundation of
sexual reproduction. Together, they ensure the combination of genetic material from two

parents, resulting in offspring with genetic diversity.

6.2.1 Gametogenesis

Gametogenesis is the first step in the sexual reproduction in which the specialized sex cells,
called gametes, are produced in the reproductive organs. This process involves meiosis, a type of
cell division that reduces the chromosome number by half.

In males, this process is called spermatogenesis, where sperm cells are produced in the testes.

o

h
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In females, it is called oogenesis, where egg cells (ova) are produced in the ovaries. Each gamete
(sperm or egg) contains half the number of chromosomes (haploid) compared to somatic (body)
cells. Gametogenesis ensures genetic variation through the processes of independent

assortment and crossing over during meiosis. @

i) Spermatogenesis Spermatogonia

Spermatogenesis is a continuous event that
starts from puberty and remains continue .
throughout the life simultaneously in both @

mitosis

Primary
spermatocyte

testes. During spermatogenesis, some cells in
the walls of the seminiferous tubules in the

testes keep dividing through mitosis to create / \ meiosis |
many diploid cells called spermatogonia. Some

of these spermatogonia develop into primary Shcondisy
spermatocytes. Each primary spermatocyte spermatocytes
| undergoes the first division of meiosis (meiosis
. I) to produce two haploid cells known as / \ j \ meiosis II
‘ secondary spermatocytes. These secondary
spermatocytes then go through the second @ @ @ @ Spermatids
division of meiosis (meiosis Il), resulting in four
haploid cells called spermatids. Spermatids are l l 1 spenmiogenasie

non-motile, and they go through changes to
become motile. Their nuclei shrink, and

structures such as the acrosome, a tail, and a

» ' S
mitochondrial ring are formed. After these {sx;wm
changes, the spermatids become sperms.

ii) Oogenesis Fig. 6.3: Process of spermatogenesis
Oogenesis is a cyclic event that generally occurs
only once in the period of one reproductive j .ﬂonmm
cycle. It starts before birth of an individual but
arrests in prophase |. At puberty, it restarts and Mitosis
remain continue alternatively in both ovaries T
till specific age in the life. During oogenesis, = Primary oocyte
some cells in the ovary form vesicular Beforebih g (amests in prophase |)
structures called follicles, each contains one After puberty

) diploid cell called oogonium (plural oogonia). PR
Some of these oogonia develop into diploid Potar body @ Secondary oocyte

primary oocytes which acts as egg mother cell.
One primary oocyte undergoes the first stage of 1

meiosis (meiosis |), producing two haploid cells. : Ovulation, sperm entry
The smaller cell is called the first polar body,

while the larger one is the secondary oocyte. M

{arrests in metaphasa I1)

The secondary oocyte then completes the

second stage of meiosis (meiosis I1), producing Melosis, fertilization
two haploid cells: the second polar body and an

egg cell. In oogenesis, the meiosis Il generally : . :

occurs after ovulation if the sperms are e i

available in female reproductive tract. Fig. 6.4: Process of Oogenesis
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6.2.2 Fertilization

Fertilization is the union of a male gamete (sperm) and a female gamete (egg) to form a zygote. it
restores the diploid number of chromosomes (46 in humans), with each parent contributing half
of the genetic material (23 chromosomes each).

Types of fertilization

In human the fertilization occurs inside the body of female within oviduct. Such fertilization is
called internal fertilization. However, in most animals living in aquatic environment such as fish,
amphibians etc., the female animal lays its eggs in water at suitable place. The male animal, then \
releases its sperms over the eggs. This fertilization is called external ferttlization. l
|
|

For your information

Development is the process that involves a series of progressive changes, transforming an
organism from a simpler stage (zygote) to a more complex one (newborn). In aquatic
organisms that perform external fertilization, development occurs entirely outside the body.
In land organisms that perform internal fertilization, development can occur either
completely inside the body, completely outside, or partially inside and partially outside. “
Organisms where internal fertilization leads to complete internal development, and they

give birth to live young, are called viviparous (e.g., human, cats, dogs, whale). Organisms |
where, after internal fertilization, the zygote is released as a shelled egg outside the body, ‘
where development is completed, are called oviparous (e.g., birds, reptiles, amphibians). |
In organisms where the partially developed embryo is released in a shelled egg outside the
body to complete development, they are known as ovoviviparous (e.g., sharks, rays).

Table: 6.1 Difference between internal fertilization external fertilization.

Characteristic ~_Internal Fertilization External Fertilization
Fertilization Location| Inside the female body Outside the female body
Directed into female reproductive| o .4 into the environment |

Gamete Release tract

Offspring Number Fewer, with higher sunriﬁal rate' Many, with lower survival rate |

| Parental Care Common ; | Rare, )
) ' . Occurs mostly in aquatic
ﬁnfmal typgs _ FJccurs mostly in _land animals animals '
Fish, amphibians, marine
E_ngplea Mamm;dls, birf!s, reptiles invertebrates

6.3 MECHANISM OF REPRODUCTION IN ANIMALS

There are two types of reproduction; asexual reproduction and sexual reproduction.

6.3.1 Mechanism of Asexual Reproduction in Animals

Asexual reproduction is a type of reproduction in which a single parent produces offspring without

the involvement of gametes (sperm or €gg cells). This process results in offspring th_at are
genetically identical to the parent, known as clones. Asexual reproduction is common in simpler

organisms like invertebrates and unicellular animals, but some multicellular animals can also
reproduce asexually under certain conditions.

T



- r Chapter 6 Animal Reproduction ] '

Asexual reproduction allows organisms to rapidly increase
their population as there is No need for a mate, making it Do you know?
easier in environments where finding a partner may be | COMPare sexual and asexual
difficult. However, the offspring produced by asexual | "€Production and analyze
reproduction lack of genetic diversity means that all offspring | hich one is advantageous for
are clones of the parent, which may make them more | theanimal?

susceptible to'diseases or environmental changes. In animals,
there are several mechanisms of asexual reproduction, which can be understood easily:

i) Binary fission

In binary fission, the parent organism splits into two equal parts, each of which develops into a
new organism. This process is usually found in protozoan (animal-like protists) like Amoeba and
Paramecium, in which the nucleus of the parent cell divides (mitosis), followed by the division of

. the cytoplasm. This results in two daughter cells that are identical to the parent.
—_ I —
Amoeba Elongation of Division of nucleus | Two daughter
(parent cell) nucleus and cytoplasm cells -

Fig. 6.5: Binary fission in Amoeba

ii) Budding

In budding, a small bud or outgrowth forms on the parent organism. This bud eventually grows and
detaches to become a new individual. In this process, a group of cells divides by mitosis, forming a
bud. This bud may stay attached to the parent for a while before detaching and living
independently. Its best example is Hydra.

Parent Hydra Developing
Bud g

New Hydra

Fig. 6.6: Budding in Hydra

iii) Fragmentation and regeneration

In fragmentation, an organism breaks into two or more pieces, and each piece regenerates into a
complete individual. In this process, the parent organism is split either naturally or due to
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external forces. Each fragment has the ability to grow into a new organism. As it happens in
planaria (a type of flatworm) and starfish that can regenerate from fragments.

Nl
« FEx

Fig. 6.7: Fragmentation and regeneration in Planaria (A) and Star fish (B)

(A)

iv) Parthenogenesis

Parthenogenesis is a form of reproduction in which an unfertilized egg develops into a new
individual. In some animals, females can produce offspring from unfertilized eggs. Common
examples are some species of insects (like bees).

’ mitosis
. Worker (2n)
Male Bee (n) w——p . honey Sterile female
Sperm cells "
o) Fertiisation @@ Toyal Jelly
2n
O farals Queen
_maM
Egg cells (n)
Queen Zn) NS No Fertlisation
. - . =» Drone
Parthenogenesis ! .
meiosis
Fig. 6.8: Parthenogenesis in Honeybees $

6.3.2 Mechanism of Sexual Reproduction in Animals

Sexual reproduction is the common way of reproduction in animals. Most animals are dioecious
i.e., male and female reproductive organs are found in separate individuals. The mechanism of
sexual reproduction in animals following three key steps: gametogenesis, fertilization and
development. For the understanding of this mechanism, we will describe the reproductive
systems of rabbit (a model animal used in biological research)
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1. Male Reproductive System of Rabbit

The male reproductive system of a rabbit includes
a pair of testes that produce sperm, ducts that
transport the sperm, and glands that add fluidsto  prostate
the sperm. The testes are located in a pouch of
skin called the scrotum, which hangs below the
body. Each testis contains coiled tubes called
seminiferous tubules, where sperm is formed.
Once the sperm matures, it collects in the ducts of
the testes and moves to the epididymis.

From the epididymis, the sperm travels through a
sperm duct called the vas deferens. Both vas
deferens join the urethra just below the urinary
bladder. The urethra serves as a passage for both

Testis
sperm and urine. Semen is the fluid that contains
i ; ig. 6.9: t
sperm, with about 10% sperm and 90% fluid. Fig. 6.9: Male reproductive system of a rabbit

As sperm moves from the testes to the urethra, different glands add fluids. Seminal vesicles
provide nutrients for the sperm, the prostate gland adds a fluid that neutralizes acidity, and
Cowper's glands produce a lubricant for the ducts.

2. Female Reproductive System of Rabbit

The female reproductive system of a
rabbit includes the ovaries and
associated ducts. The ovaries are small,
oval-shaped organs located in the
abdominal cavity, just below the kidneys.
‘Like most animals, female rabbits have
two ovaries. The outer part of each ovary
produces egg cells. Each egg cell is
surrounded and nourished by a cluster of
specialized cells called a follicle.
When an egg cell is released from the
ovary, it enters the fallopian tube, which
is located close to the ovary. Fertilization
happens in the fallopian tubes, and if the

¢ egg is fertilized, the resulting zygote is |
carried to the uterus. In rabbits, the uterus is divided into two sections, known as uterine horns,

which eventually join and lead to the vagina (also known as the birth canal). The cervix is the part
% of the uterus that separates it from the birth canal, where sperm is deposited during mating.

3. Fertilization and Development in Rabbit

Rabbits can breed all year round, but high heat can cause a temporary reduction in sperm count
and motility, leading to sterility in male rabbits during the summer. Fertilization in rabbits occurs
internally after mating. During mating, the male rabbit deposits sperm into the female rabbit's
vagina. The sperm swim from the vagina, through the cervix, and into the uterus. From the
uterus, they move into the fallopian tubes. Female rabbits are induced ovulators, meaning that
ovulation (the release of eggs from the ovaries) happens after mating due to stimulation. The
eggs are released from the ovaries into the fallopian tubes. In the fallopian tubes, sperm meet

Anus
Urathra

Sperm duct
(vas deferens)

Seminal vesicle

Cowper's gland

Epididymis
Scrotum

Fig. 6.10: Female reproductive system of a rabbit
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the egg (or eggs) that have been released from the ovaries. One
sperm penetrates and fertilizes an egg, combining genetic Do i know?
Why male rabbits become

material from both parents to form a zygote.
The zygote begins to divide and form an embryo as it travels down sterile in summer season?

the fallopian tube towards the uterus. Once in the uterus, the

embryo implants itself into the uterine wall, where it continues to develop until birth. This
process takes place relatively quickly, with pregnancy period of about 30-32 days in rabbits.
Since the internal fertilization leads to the complete internal development, therefore, the rabbit

is a viviparous animal.

6.4 SEX DETERMINATION IN HUMAN

Sex determination means that a newborn would be a male baby like father or female baby like the
mother. The mechanism of sex determination in humans is controlled by genetic factors,
specifically the sex chromosomes. Humans have two types of sex chromosomes: X and Y.

The combination of these chromosomes inherited from the parents determines the biological sex

of the individual.

6.4.1 Chromosomal Basis of Sex Determination

Humans have 46 chromosomes in total, arranged in 23 homologous pairs. Each homologous pair
consists of two structurally similar but functionally different chromosomes. One of which is
maternal that comes from the mother and the other is paternal that comes from father. Out of
these 23 pairs, 22 pairs are autosomes, which are the same in both males and females, and 1 pair
is sex chromosome pair, which is different in male and female individuals. As show in the human
karyotype in figure 6.10. In females, the sex chromosome pair consists of two completely
homologous chromosomes called XX. In males, the sex chromosome pair consists of two partially

ho us mosomes called Xand Y.
malego are o e Sex determination in human beings

6.4.2 Role of Sperm and Egg "™ " ol

During reproduction, each parent ' |—l—| |—J—\
contributes one sex chromosome to the  Gametes (X) (Y] (X) (X)
offspring. The mother can only (Reproductive \\‘

contribute an X chromosome, as she is ) \ X

XX, therefore, during oogenesis every Zygote "

time the egg would take either of the X ;uan:sm - S =" =
chromosome. Since mother can produce  of gametes Female Famala Male  Male
only same type of gametes, therefore, §0% probability 50% pmbamﬁ'w
the human female is called offspring of a Female child of a male child
homogametic sex. Fig. 6.11: Sex determination in Human

The father can contribute either an X or
a Y chromosome as he is XY, therefore, during spermatogenesis every time the sperm would take

either X chromosome or Y chromosomes. Since father can produce two different types of

gametes, therefore, the human male is called heterogametic sex. _
When male and female gametes are fused, the combination of these chromosomes determines

the sex of the baby. If the baby inherits an X chromosome from the father, the combination will be
XX and the baby will be female. If the baby inherits @ Y chromosome from the father, the
combination will be XY and the baby will be male.
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6.4.3 The probability of a son or a daughter to be born

The probability (chance) for a couple to have a son or a daughter during each pregnancy is 50%
means there is equal chance of a son or a daughter to be born. Since, the mechanism of sex
determination in human completely depends upon the father instead of mother, therefore, the

male individual is called Sex determinator.

SUMMARY

1. Reproduction is a biological process that allows species to produce new individuals, ensuring
the survival and continuation of a species. It can occur through asexual or sexual methods.
Asexual reproduction results in genetically identical offspring, while sexual reproduction
involves the fusion of male and female gametes, leading to genetically diverse offspring. In

s sexual reproduction, hormones play a crucial role in sexual development, especially during
puberty.

2. For males, testosterone and follicle-stimulating hormone (FSH) are key hormones that
regulate sperm production and the development of male reproductive organs. Testosterone
promotes the maturation of sperm and the development of secondary sexual characteristics,
while FSH supports the early stages of sperm production.

3. In females, several hormones regulate sexual development and reproductive functions,
including estrogen, FSH, luteinizing hormone (LH), and progesterone. Estrogen is crucial for
the development of female reproductive organs and secondary sexual characteristics. FSH
stimulates ovarian follicle development and estrogen production. LH triggers ovulation, and
progesterone prepares the body for pregnancy by thickening the uterine lining.

4. Gametogenesis is the process of producing gametes (sperm in males and eggs in females)
through meiosis, ensuring genetic diversity. Fertilization, the union of sperm and egg,
restores the diploid number of chromosomes and results in the formation of a zygote, which
develops into a new organism.

5. In animals, reproduction can be either sexual or asexual. Sexual reproduction involves
gametogenesis, fertilization, and development, while asexual reproduction occurs through
mechanisms like binary fission, budding, fragmentation, and parthenogenesis.

. 6. The reproductive systems of animals like rabbits involve specialized organs and processes to
facilitate fertilization and development.

7. Sexdetermination in humans is based on the combination of sex chromosomes (XX for females

and XY for males) inherited from the parents. The Y chromosome, specifically the SRY gene,
triggers the development of male reproductive organs. The probability of having a son or
daughter is equal (50%).
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EXERCISE

Section I: Multiple Choice Questions
Select the correct answer:
1. What marks the functional beginning of the reproductive system?
A) Birth B) Puberty C) Childhood D) Adulthood

2. What is the primary function of reproduction in living organisms?

2 A) Survival of an individual B) Survival and continuation of a species
C) Growth and development of organs D) Production of hormones

3. Which hormone is primarily responsible for male sexual development?

A) Estrogen  B) Testosterone  C) Progesterone D) Luteinizing hormone (LH)
4. In males, testosterone is produced by which cells?

v A) Sertoli cells B) Interstitial (Leydig) cells C) Follicular cells D) Endocrine cells

5. What triggers the release of luteinizing hormone (LH) in females?

A) Low levels of estrogen B) High levels of estrogen C) Ovulation D) Menstruation
6. In which part of the male reproductive system does spermatogenesis occur?

A) Epididymis B) Vas deferens C) Seminiferous tubules D) Prostate gland
7. What is the first step in sexual reproduction?

A) Fertilization B) Development C) Gametogenesis D) Ovulation
8. Where does fertilization occur in humans?
A) Uterus B) Fallopian tubes C) Ovaries D) Vagina
9. Which of the following organisms is viviparous?
A) Fish B) Birds C) Humans D) Reptiles
10. Which asexual reproduction method involves an organism splitting into two
equal parts? g
A) Budding B) Binary fission ., C) Parthenogenesis D) Fragmentation
11. In sex determination in humans, what combination of sex chromosomes results in
a female?
A) XY B) XX C) X D) YY
12. Which gene on the Y chromosome triggers the development of male characteristics? :
A) SRY gene B) LH gene C) F5H gene D) Estrogen gene
13. What is the probability of a couple having a son during each pregnancy? »
A) 25% B) 50% C) 75% D) 100%
14, Which of the following is true about asexual reproduction?
A) It requires two parents. B) It leads to genetic diversity.
C) It produces clones. D) It involves the fusion of gametes.
15. What is the role of the scrotum in the male reproductive system of a rabbit?
A) Producing sperm B) Transporting sperm

C) Adding fluids to sperm D) Housing the testes
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Section lI: Short Answer Questions
- What is the primary purpose of reproduction in living organisms?
. What are the two main types of reproduction?
3. At what stage of human development does the reproductive system become
functional?
4. Which hormone is primarily responsible for the development of male secondary
sexual characteristics?
What role do Sertoli cells play in the male reproductive system?
- Which hormone is essential for spermatogenesis and acts on Sertoli cells?
Which hormone is primarily responsible for the development of female secondary
sexual characteristics?
8. What triggers ovulation in the female reproductive cycle?
. 9. Where is progesterone produced in the female reproductive system after ovulation?
10. What is the term for the process of sperm cell production?
11. In which part of the male reproductive system does spermatogenesis occur?
b o 12. Where does fertilization typically occur in the female reproductive system?
13. What is the genetic outcome of offspring produced through asexual reproduction?
14. What role does the scrotum play in the reproductive system of a male rabbit?

15. Which part of the female reproductive system in rabbits is the typical site for
fertilization?

[ gy

Now

Section lll: Extensive Answer Questions

1.Explain the role of hormones in male sexual development, detailing the specific
functions of testosterone and follicle-stimulating hormone (FSH). How do these
hormones interact to regulate spermatogenesis?

Z2.Compare and contrast the processes of spermatogenesis and ocogenesis.

3.Discuss the process of fertilization in humans, explaining the significance of internal
versus external fertilization. How does fertilization restore the diploid chromosome
number?

4.,0utline the key steps involved in sexual reproduction, using the rabbit as an example
to describe the male and female reproductive systems, fertilization, and subsequent
development. -

5.Describe the mechanisms of asexual reproduction in animals. Provide examples of
binary fission, budding, fragmentation, regeneration, and parthenogenesis, explaining
how each process contributes to the reproduction of organisms.

6.Explain the process of sex determination in humans. What is the chromosomal basis
for determining the sex of an individual, and how do sperm and eggs contribute to
this process? Discuss the role of the SRY gene in the development of male sex organs.

7.Discuss the differences between viviparous, oviparous, and ovoviviparous animals.
Provide examples of each and explain how their reproductive strategies are adapted
to their environments.

8.Explain the significance of gametogenesis in sexual reproduction. How does meiosis

contribute to genetic variation in offspring, and why is this variation important for
the survival and evolution of species?




