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5.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in this topic.

5.1.1 Introduction

organisms living things

offspring the young born of a
living organism

Reproduction is essential for life on Earth to continue. Living things, or organisms, must reproduce and produce
offspring for their species to survive for future generations. Humans and all animals do it, plants do it, fungi
and bacteria do it, but all in different ways. Many animals reproduce sexually, having both male and female
individuals just as humans do. However, did you know that many plants have male and female reproductive cells
and also reproduce sexually? Some animals, such as the garden snail, have both male and female reproductive
organs. In addition, the akoya pearl oyster can change gender many times throughout their life, beginning as a
male and then becoming female; they switch genders over and over again to improve their chances of successful
reproduction. Although many animals and many plants reproduce sexually there are many others that reproduce
by simply dividing into two identical offspring or breaking off part of their body to
give rise to the next generation. In this topic you will explore the fascinating area of
reproduction in different organisms and develop an ability to discuss reproduction using
the correct scientific terminology.

FIGURE 5.1 Dandelions use the wind to help them to disperse their seeds.

Resourceseses
Resources

Video eLesson Live human sperm (spermatozoa motion) under microscope
(eles-2544)
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SEPERATE SEXES

FIGURE 5.2 Garden snail Cornu aspersum
Did you know that not all plants or animals have separate
sexes? Some invertebrates are both male and female
at once. These interesting combinations are called
hermaphrodites. This enables an individual to achieve greater
reproductive efficiency than if it was just the one sex.

Snails have been around for 600 million years and have
developed intriguing methods of reproduction. Each snail has
an organ called an ovotestis, which makes both sperm and
eggs, and a single tube to carry both the sperm and the eggs.

After a complex courtship in which hermaphrodite snails rear
up, each pressing its muscular foot against its partner, and
stroking each other with their tentacles, they simultaneously
insert their sex organ into the other’s body. In this manner,
each snail gives sperm to the other and each has its eggs
fertilised.

5.1.2 Think about reproduction

1. How fast can human sperm swim?
2. Why is a dinner date for a male redback spider a bad idea?
3. How can a discarded arm become a whole new animal?
4. Do flowers have ova and sperm cells?
5. Why are worker bees always female?
6. Why is puberty necessary?
7. Which male animals can get pregnant?

5.1.3 Science inquiry

INVESTIGATION 5.1

Comparing reproductive strategies

(elog-0580)

In this investigation you will be conducting a review of the information from multiple sources and determining if
this information is reliable and consistent, as looking at information from others is a critical skill for scientists.

Aim

To compare the reproductive strategies of a placental mammal and a marsupial mammal

Method

In teams of two or more choose one example of a marsupial mammal and one example of a placental mammal to
investigate.

Research the reproductive strategies of these two animals. Ensure you find answers to the following for both the
marsupial and placental mammal:
1. How long is the pregnancy (gestation period)?
2. How well developed are the offspring at birth?
3. How big is the offspring at birth?
4. How does the young access milk from the mother?
5. How long until the offspring can find their own food and live independently?
6. Suggest an advantage of each strategy.
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Results

1. Use a full-page table, with an informative title, to compare the animals of your choice. Discuss how you
should draw your table with your group before you start to ensure you show your findings clearly.

2. Check each piece of information on at least three websites and make a note at the bottom of the page
if you think a particular website is reliable (trustworthy) or unreliable.

Discussion

1. Share your research findings with your class and add new or interesting ideas you have to your table.
2. Share your ideas as a class regarding which internet sources you think are reliable and which you find

less trustworthy, Explain why.

Conclusion

Write a conclusion summarising your results. Remember to refer to the aim.

Resourceseses
Resources

eWorkbook Topic 5 eWorkbook (ewbk-4872)
Topic 5 Student learning matrix (ewbk-4874)
Topic 5 Starter activity (ewbk-4875)

Practical investigation eLogbook Topic 5 Practical investigation eLogbook (elog-0578)

Access and answer an online Pre-test and receive immediate corrective feedback and fully worked
solutions for all questions.

5.2 Asexual reproduction

LEARNING INTENTION

At the end of this subtopic you will be able to describe how some organisms reproduce asexually with examples
of some of the main strategies, such as binary fission, budding and spores.

5.2.1 Asexual reproduction
Imagine looking exactly like your parent — and all of the rest of your family!

asexual reproduction
reproduction that does not involve
sex half-cells

Not all organisms reproduce by sexual methods. In some types of organisms, a single parent produces one or
more genetically identical offspring. This is called asexual reproduction. Binary fission, spore formation,
budding and vegetative propagation are examples of this type of reproduction.

Unlike sexual reproduction, asexual reproduction does not require the fusion of sex cells. It also does not
require sex cells from another organism. Because all the genetic information comes from a single individual,
all offspring of asexual reproduction are identical to each other — and to their parent.

clone an identical copy

cloning the process used to
produce genetically identical
organisms

Individuals that have identical genetic information to each other are called clones. As well as occurring in
nature, technology has also used cloning to produce genetically identical organisms.

5.2.2 Binary fission — let’s split
Life began more than 3.7 billion years ago with the first living organisms on Earth being
microscopic organisms called cyanobacteria whose fossils can be seen in rocks off the
Western Australian coast. These microorganisms have relatives living today that we
believe have a similar structure and reproduce in the same way, by splitting in half to
produce two identical offspring.
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FIGURE 5.3 First life on Earth. (a) Stromatolites might look like rocks; however, they are in fact colonies of simple
life. Single-celled organisms called cyanobacteria are responsible for forming these layered boulders and have
been doing so for billions of years. (b) Cyanobacteria were the first living thing on Earth and have been living and
reproducing for longer than any other living thing.

a. b.

binary fission reproduction
by the division of an organism
(usually a single cell) into two new
organisms

Some unicellular organisms reproduce by binary fission. In this type of asexual reproduction, when an organism
has grown to a certain size, it divides into two. Prior to this division, the genetic material in the cell is replicated.
The cytoplasm then divides, producing two cells with identical genetic information.

multiple fission a reproduction
method where a single-celled
organism divides into more than
two cells

Binary fission can occur in both prokaryotes (such as bacteria) and eukaryotes
(such as Amoeba, Euglena and Paramecium). While the same term is used, the
actual processes involved for these different types of organisms are different.
In eukaryotes, a type of cell division called mitosis is involved, whereas in
prokaryotes it is not. The process in prokaryotes is less complex and faster. For
example, one bacterial cell could produce about 16 million offspring in eight
hours. Some types of bacteria can also produce more than two cells per division.
This is called multiple fission. Multiple fission is very efficient and allows for an
even greater increase in numbers within a short time frame.

FIGURE 5.4 Amoeba are unicellular organisms. They have no need for complex tissues or systems, and lead a
highly successful life by engulfing their food and expelling their waste products directly into their single cell.

Contractile
vacuole

Pseudopods

Food vacuole

Food particle

Membrane
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Nucleus
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FIGURE 5.5 Binary fission in amoeba. This simple yet effective life form reproduces by duplicating all of the
essential parts of the cell, such as the nucleus and mitochondria, to ensure the offspring have their own genetic
information and can turn food into energy. The amoeba then divides into two daughter cells which are identical to
the parent cell. This is called binary fission.

Contractile vacuole

Fission point
Nucleus

Parent cell Mitotic division
of nucleus

Cytoplasm
division

New daughter
Amoeba

Resourceseses
Resources

Video eLesson Binary fission (eles-2306)

Watch a paramecium dividing into two cells by binary fission.

5.2.3 Budding offspring

budding the formation of a new
organism from an outgrowth (bud)
of the parent

Imagine your offspring beginning as a simple swelling on your side and then
developing its own mouth and features. When its development is complete, it merely
detaches itself and independently continues its own life. This is the sequence of events
that happens in yeasts and also in freshwater hydra. The initial swelling is called a bud
and hence this process is often called budding.

FIGURE 5.6 Tiny new jellyfish (medusae) that have
formed by budding
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FIGURE 5.7 Yeast are unicellular organisms from the same kingdom as mushrooms and mould, kingdom fungi.
Yeast are the living organisms that are used in many industries such as brewing and baking. Yeast reproduce by
budding off their offspring from the parent cell.

Nucleus

(a) (b) (c) (d)

Parent
yeast cell

Forming
of bud Cytoplasm divides

Bud whith
nucleus Daughter yeast

Chain of yeast
cells formed

Parent yeast

FIGURE 5.8 Hydra are a small multicellular freshwater organisms, from the phylum cnidaria, that also reproduce
by budding.

(a) (b) (c) (d)

Jellyfish, such as the common Aurelia aurita, reproduce both sexually and asexually. The mature medusa are
the familiar free floating organisms with round transparent bodies. These adults release eggs and sperm into the
environment which, once successfully fertilised, result in offspring known as polyps. The polyps attach to hard
rocky surfaces to grow and reproduce by budding as each polyp will release many small disc-like jellyfish into
the water in the form of miniature medusae.

FIGURE 5.9 Jellyfish reproduce both sexually and asexually.
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FIGURE 5.10 Jellyfish reproduce both sexually and asexually.
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5.2.4 Spores
FIGURE 5.11 Some fungi have spores that may
develop into offspring identical to the parent
fungi.

Cap

Spores

Gills

Ring

Stem

VolvaMycelium

Some fungi (such as mushrooms, and bread and fruit
mould) have spores that, when released, may develop
into offspring identical to the parent fungi. These spores
are merely a group of unspecialised body cells, combined
with a source of nutrients and packaged in a resistant coat.
They can provide an effective means of dispersing future
generations, and may also overcome adverse conditions by
waiting until conditions are favourable before they begin
to grow.

spores reproductive cells
capable of developing into a new
individual without fusion with
another reproductive cell

5.2.5 Vegetative propagation

vegetative propagation the
reproduction of plants using parts
other than sex cells

In vegetative propagation, the non-sexual parts of the
plant are used to develop new individuals of the same
type. Examples include bulbs (e.g. daffodils), stem tubers
(e.g. potatoes), runners (e.g. native violets) and cuttings
(e.g. roses).
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FIGURE 5.12 Examples of vegetative propagation: (a) runners, (b) cuttings and (c) tubers
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5.2.6 Regeneration FIGURE 5.13 Tiny new starfish growing at the
end of a discarded Linckia starfish armFlatworms and starfish are animals with some strange

reproductive abilities. Fragmentation is commonly observed
in flatworms. During this type of reproduction, the parent
flatworm breaks into several pieces and, over time, each
piece develops into a new adult flatworm. Regeneration is
a similar type of reproduction that can be seen in starfish.
While some starfish can regenerate replacement new
limbs, others, such as the Linckia starfish, can regenerate
completely new organisms from a severed arm.

5.2.7 Parthenogenesis

parthenogenesis the
development of new individuals
from unfertilised eggs

In some animals, the females produce eggs, but these develop into embryos without fertilisation taking place.
The scientific name for the development of new individuals from an unfertilised egg is parthenogenesis. Worker
bees, for example, develop from unfertilised eggs laid by the queen bee.

virgin births births that do not
involve the joining of eggs and
sperm

Some gecko lizard groups are parthenogenetic and form all-female families. An
example is Bynoe’s gecko (Heteronotia binoei), which is found only in Australia.
A population of these geckos would contain only females. Births that result
without any meeting between eggs and sperm are often referred to as virgin
births.
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FIGURE 5.14 Worker bees develop from unfertilised
eggs laid by the queen bee (parthenogenesis).

INVESTIGATION 5.2
elog-0582

Asexual reproduction

Aim FIGURE 5.15 A leaf–stem
cuttingTo observe asexual reproduction in plants

Materials

• large onion
• potato
• grass runner
• leaf–stem cutting from geranium or impatiens. Note: A leaf–stem

cutting is a piece of the plant’s stem that is cut just below a joint or
growing point and has at least three leaves.

• leaf from an African violet, jade plant or snake plant rooting
medium (this can be purchased from a nursery)

Method

1. Fill a gas jar almost to the top with water and place the onion in the mouth of
the gas jar so that its base is sitting in the water as shown in the diagram.

2. Leave the potato in a dark cupboard.
3. Remove the lower leaves from the leaf–stem cutting. Quarter fill a beaker or

glass jar with water and place the cutting in the water.
4. Place some rooting medium in a pot. Add water to the rooting medium until

it feels moist. Cut a 3 cm section from the leaf of the African violet, jade or
snake plant. Stand the piece of leaf upright in the rooting medium.

5. Cut a piece of the grass runner. Ensure the section you have cut has at least
one growing point. Press the piece of grass runner into the rooting medium
(laying it flat on the surface).

6. Leave all the plant parts undisturbed for two weeks. You may need to top up
the water over that time.

FIGURE 5.16 An onion
with its base in water

Gas jar

Onion

Water
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Results

Copy and complete the table below. You may need to dig the leaf–stem cutting and the runner from the rooting
medium and wash them to see what has happened to them.

Plant part Description after two weeks Diagram

Onion

Potato

Leaf–stem cutting

Leaf

Runner

Discussion

1. In your own words, summarise your observations for each of the plant parts.
2. Based on your observations, what conclusions can you make?
3. Explain why each of the examples in the table above are forms of asexual reproduction.
4. What are the advantages of growing plants using one of the techniques described above rather than

growing them from seeds?
5. Suggest improvements to the design of the investigation.

Conclusion

Write a conclusion summarising your results. Remember to refer to the aim.

Resourceseses
Resources

eWorkbook Asexual reproduction (ewbk-4902)

Additional automatically marked question

5.2 EXERCISE

Select your pathway

LEVEL 1:
Questions
1–4, 7

LEVEL 2:
Questions
5, 6, 8, 9, 10

LEVEL 3:
Questions
11, 12

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand

1. State what is meant by the term ‘asexual reproduction’ and give examples.
2. Identify the missing words to complete the sentences.

a. When a single parent produces one or more genetically identical offspring it is called _________
reproduction.

b. Unlike sexual reproduction, asexual reproduction does not require the _________ of sex cells or
sex cells from _________ organism because the single parent contributes _________ of the genetic
information to their offspring.

c. In organisms that use _________ reproduction, the _________ are genetically identical to each other
as well as being genetically _________ to the parent.

d. Individuals that have identical genetic information to each other are called __________.

TOPIC 5 Systems – Reproduction 11
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3. Identify the type of asexual reproduction that is occurring in the descriptions.

Description
Type of asexual
reproduction

a. When a cell reaches a certain size, it replicates its genetic material, and
then divides in two.

b. When a cell reaches a certain size, it replicates its genetic material, and
then divides into more than two cells.

c. Involves growth and development of a swelling on the parent, which when
completed, detaches itself and then lives independently of the parent

d. Involves the release of a group of unspecialised body cells, combined with
a source of nutrients and packaged in a resistant coat

e. Involves use of the non-sexual parts of a plant to develop new individuals
of the same type

f. Involves parts of the parent breaking into pieces and each piece
developing into a separate organism

g. In which embryos develop from unfertilised eggs

4. Identify the type of asexual reproduction used by the following organisms:

Starfish Yeast Amoeba Mushrooms
Budding

Spores

Binary fission

Regeneration

5. Identify whether the statement is true or false.

Statement True or false
a. The processes involved in binary fission in prokaryotes and eukaryotes are

the same.
b. A population of Bynoe’s gecko lizards (Heteronotia binoei) would contain

only males.

c. Worker bees develop from unfertilised eggs laid by the queen bee.

d. Births that result without any meeting between eggs and sperm are often
referred to as virgin births.

6. Match the type of plant with the type of vegetative propagation that it can use to reproduce.

Type of plant Type of vegetative propagation

a. Daffodil A. Cuttings

b. Native violets B. Bulbs

c. Potatoes C. Runners

d. Roses D. Tubers

Apply and analyse

7. Describe what is meant by the term ‘clone’. Are you a clone? Explain.
8. SIS Sexual reproduction results in variation among the offspring, whereas asexual reproduction does

not.
a. Discuss and record advantages and disadvantages for each type of reproduction.
b. Select two of these and present them in a table format as shown below.
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Advantages of asexual reproduction Disadvantages of asexual reproduction

9. Suggest why many insects, which would usually reproduce sexually, use parthenogenesis to produce
offspring in favourable conditions.

Evaluate and create

10. SIS

a. Place a carrot top on moist cottonwool until leaves appear, then transfer the plant to a plastic pot
containing moist potting mix. Record what happens.

b. Try this with a variety of other vegetables. Summarise your findings.
11. SIS Find out about three organisms that use parthenogenesis and present your findings in a table,

poster or infographic. Use the following questions to guide your research.
• What types (classes or orders) of organisms use parthenogenesis?
• Do they always use parthenogenesis or only sometimes?
• Why do you think they use this strategy?
• What conclusions can you draw from your research about parthenogenesis?

12. SIS Research some uses of cloning and organise three arguments for and three arguments against
cloning that could be used in a debate on the issues of cloning.

Fully worked solutions and sample responses are available in your digital formats.

5.3 Sexual reproduction in flowering plants

LEARNING INTENTION

At the end of this subtopic you will be able to describe how some plants reproduce sexually with pollen and
ovules as their reproductive cells. In addition, you will be able to explain how seeds are dispersed and germinate.

5.3.1 Flowers and pollination
angiosperms plants that have
flowers and produce seeds
enclosed within a carpel

Like animals, many plants can reproduce sexually. Flowering plants
(angiosperms) have their reproductive structures located in their flowers.

flowers the reproductive part
of angiosperms containing
petals, stamens and carpels.
They are often colourful to attract
pollinating insects

petals the coloured parts of a
flower that attract insects

nectaries parts of a flower, at the
base of the petals, that secrete
nectar

pollen the fine powder containing
the pollen grains (the male sex
cells of a plant)

stigma the female part of a
flower, at the top of the carpel,
that catches the pollen during
pollination

Flowers make up the sexy bits of plants. The petals and nectaries are often used
to lure insects and other animals to assist in the delivery of ‘sperm’ or pollen.
Flowers are designed to increase the chances of pollen grains making contact with
the sticky stigma.

TOPIC 5 Systems – Reproduction 13
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FIGURE 5.17 Flowering plants, angiosperms, reproduce sexually therefore have male and female sex cells in a
similar way to animals. However, plants are not mobile and cannot go looking for a suitable mate therefore rely on
other ways to bring the male and female gametes together. Plants often use insects to move their reproductive
cells, and also their seeds, around for them. In this image you see a bee covered in pollen, the plant equivalent of
sperm. The bee will visit a number of flowers collecting nectar for itself and distributing pollen from one flower to
the next in the process.

int-3407

FIGURE 5.18 Each part of a flower has a specific function that allows the flower to bloom, fruit or seed.
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pollination the transfer of pollen
from the stamen (the male part) of
a flower to the stigma (the female
part) of a flower

self-pollination the transfer of
pollen from the flower’s own
stamen to its stigma

cross-pollination the transfer
of pollen from stamens of one
flower to the stigma of a flower of
another plant of the same species

Pollination describes the way in which pollen grains reach the stigma. Plants may pollinate themselves (self-
pollination). More often, however, they obtain the pollen from the flower of a different plant of the same species
(cross-pollination). Cross-pollination increases the variation among the offspring and gives them a better
chance of survival. The pollen grains may be transferred to other flowers by wind, insects or other animals.

FIGURE 5.19 The difference between self-pollination and cross-pollination

Self-pollination Cross-pollination

insect-pollinated flowers
flowers that receive pollen carried
on the body parts of insects from
other flowers

Insect-pollinated flowers usually have attractive, brightly coloured petals and nectaries. The pollen grains
themselves may be in a shape that makes them become easily attached to the insect.

FIGURE 5.20 A wind-
pollinated flower receives
pollen carried by the wind
from another flower.

FIGURE 5.21 A sunflower is an example of an
insect-pollinated flower.

wind-pollinated flowers flowers
that receive pollen carried by the
wind from another flower

anther the male part of a flower
that makes pollen

Wind-pollinated flowers are usually less conspicuous and have no large scented
petals or nectar. Their shape enables small, light pollen grains to be shaken from
the plant and carried away with even the slightest gust of wind. The anthers hang
outside the flower and the feathery stigmas spread out to catch airborne pollen
grains.
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TABLE 5.1 Comparing flowers that are pollinated by insects versus flowers pollinated using wind

Insect pollination Wind pollination

Petals • Large
• Scented
• Contain nectaries
• Brightly coloured

• Maybe none, or small
• No scent
• No nectaries
• Dull colours

Anthers • Positioned where insects might brush against
them

• Hang loosely on thin filaments
• Shake easily in the wind to distribute pollen

Stigma • Positioned where insects might brush against
them

• Sticky and flat or lobe shaped to capture pollen

• Long branching and feathery
• Reaches out into air to catch pollen blowing in

the wind

Pollen • Rough or sticky surface to stick to insects
• Small amounts produced
• Grains are large

• Small light grains
• Large amounts produced
• Easily carried in wind

The titan arum (Amorphophallus titanum) is a rare plant, native to Sumatra, that has a two-metre flower that
smells of rotting flesh, giving it the nickname the ‘corpse flower’. The smell of this flower, although repulsive
to humans, attracts insects which take pollen, the male sex cells, and deliver it to another plant resulting in fruit
and seeds to begin the next generation.

FIGURE 5.22 The corpse flower, titan arum (Amorphophallus titanium), smells of rotting flesh, which is a
reproductive strategy that improves the chances of insects visiting and pollinating.

16 Jacaranda Science Quest 8 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c05Reproduction_PrintPDF” — 2020/7/1 — 5:50 — page 17 — #17

5.3.2 Fertilisation

pollen grains the male gametes
of a flower

pollen tube a long tube growing
from a pollen grain through the
style to the ovule

style the supporting part of a
flower that holds the stigma

ovule the receptacle within an
ovary that contains egg cells

ovaries female gonads, one
ovum matures and is released
on a monthly basis from one of
the two ovaries

FIGURE 5.23 Fertilisation
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produce pollen

As in animals, only a few of the pollen grains produced actually
fertilise an egg cell. After pollen grains are on the stigma of a flower,
a long hollow tube called a pollen tube is formed. This pollen tube
grows down the style. Male gametes (sex cells) travel down these
tubes to the ovules inside the ovary, where they fuse with the ovum
(female gamete or egg). This joining of male and female gametes is
called fertilisation. The fertilised egg is called a zygote.

5.3.3 Plant babies
Once the flower has done its job and the egg cell has been fertilised
by the pollen nucleus, another sequence of events takes place. Inside
the ovule, the fertilised egg, or zygote, divides into a little ball of cells
that becomes an embryo. Special tissue called endosperm surrounds
the embryo and supplies it with food. The ovule becomes the seed, and
tissue forms around it to provide a protective seed coat.

Are you aware that when you bite into an apple, cherry or orange you
are actually eating the enlarged ovary of the plant? Did you know that
these swollen ovaries contain the plant’s ‘babies’ in their embryonic
form? The plants are using you as a way of distributing their ‘young’
out into the world.

endosperm the food supply for
the embryo plant in a seed

seed a product of a fertilised
ovule

seed coat the protective layer
around a seed

fruit a ripened ovary of a flower,
enclosing seeds

During the formation of the seed, the ovary expands and turns into a fruit.

The fruit of some plants can be sweet, which makes them attractive to animals, including humans, as a source of
food. The animals that eat the fruit aid the plant by dispersing the seeds over a much wider area than the plant
could achieve by itself.

eles-2064 FIGURE 5.24 The life cycle of a flowering plant

1. Flowers form.

Ovules are found

inside the ovary.

A seed

5. Plant grows.

3. Fruit forms from

    ovary. Seeds are 

    contained inside fruit.

If fertilisation occurs, the 

ovules will form into seeds.

 2. Fertilisation 

   occurs. Pollen 

   grains travel 

   down pollen 

   tubes and 

   fertilise the 

   egg cell inside 

   the ovule. 

Male sex cells are contained 

inside the pollen grains.

4. If the seed ends up in the right

   environment, it will germinate 

  and form a new plant.
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5.3.4 Seed dispersal

disperse the scattering of the
seeds from plants

One of the main jobs that fruits do is to help disperse or spread the seeds. Plants disperse their seeds in a variety
of ways: dispersal may involve animals, including birds (such as in tomatoes, grapes and apples); water (such as
in coconuts); or wind (such as in grasses and dandelions). Some plants can disperse their
seeds by themselves. For example, the fruits of some plants in the pea family (legumes)
split open suddenly when they are ripe and dry, throwing the seeds long distances.

FIGURE 5.25 Seed dispersal can use (a) wind, rain and rivers, (b) or seeds can be propelled out of the pod, or
(c) fruit can be eaten by animals and the seeds distributed in droppings. The Australian topknot pigeon,
Lopholaimus antarcticus, is a frugivore, a fruit eating bird, found in rainforest areas of northern and eastern
Australia. This bird plays a critical role in distributing seeds from native plants by helping to regenerate deforested
areas as well as helping to increase the number of native plants compared to introduced plants in these areas.

Parachute

Fruit

Fruit

Seed

Legume
Dandelion

a. b. c.

SCIENCE AS A HUMAN ENDEAVOUR: Emu poo study

FIGURE 5.26 Emu poo effectively scatters seeds, thereby
enabling plants to inhabit new areas.

Research by Mathew Fielding from the
University of Tasmania has shown that
the extinction of emus in Tasmania in the
1800s has had a significant impact on the
ecosystem and the distribution of plants.
Emus consume seeds and fruit as they
travel up to 50 km per day. Emu droppings
containing the seeds from within the fruit
were scattered far and wide, enabling plants
to inhabit new areas. Researchers are
currently considering whether they should
reintroduce the emu in an attempt to return
the Tasmanian fauna back to the diversity it
had before the emu became extinct.
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5.3.5 Seed germination

plumule a small bud at the tip of
the embryo plant in a seed

radicle the beginnings of a root
making up part of a plant embryo
inside a seed

cotyledons special leaves of the
embryo plant inside a seed that
provide food for the developing
seedling

FIGURE 5.27 Parts of a seed

Plumule

Radicle

Seed coat

Cotyledons

The embryo, inside the seed, is made up of three different parts:
the baby shoot (plumule), the baby root (radicle) and one or two
thick, wing-like cotyledons.

When the conditions are right, the seed bursts open and a new
plant grows out. This process is called germination. When
germination is complete, the embryo has become a young plant
or seedling.

germination the first sign of
growth from the seed of a plant

seedling a young plant produced
from the embryo in the seed after
germination

eles-2065 FIGURE 5.28 Germination of a broad bean

Seed coat

Leaf

Withered

cotyledons

Cotyledons

Root

INVESTIGATION 5.3
elog-0584

What’s in a flower?

Aim

FIGURE 5.29 Draw a diagram of
your flower

Cut down

centre

To identify the parts of a flower and relate their structure to their
function

Materials

• flowers
• sharp knife or razor blade
• cutting board
• hand lens
• tweezers

Method

Note: You need to draw a diagram of your flower before dissection.
1. Identify and label the male and female parts you can see.
2. Place the flower on the cutting board and hold it with the tweezers.
3. Carefully cut the flower in half down the middle (a vertical cross-section).
4. Use the hand lens to look at the ovary and eggs.
5. Repeat for each flower.
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Results

1. Draw a diagram of your flower prior to dissection. Locate, count and label the petals and sepals.
2. Draw the cross-section and label the female parts inside the flower.

Discussion

1. Identify ways in which the flowers you observed were (a) similar and (b) different.
2. Suggest reasons for (a) similarities between the flowers and (b) differences between the flowers.
3. a. Predict which parts of the flower (i) become seeds and (ii) may grow into fruit.

b. Justify your predictions.
c. Check references to see if your predictions were accurate and comment on your findings.

4. Describe possible relationships between the parts of the flower in your diagram.
5. Describe how the various structures of the flower that you have observed assist the plant in

reproduction.
6. Suggest how the investigation could be improved.

Conclusion

Write a conclusion summarising your results. Remember to refer to the aim.

INVESTIGATION 5.4
elog-0586

Investigating features of flowers

Aim

To identify a feature of a flowering plant and investigate its relationship to reproduction

CAUTION

Be responsible in your fieldwork and handle the plant parts very gently and carefully. Do not pick, break,
tread, trample or climb the plants. Remember that you are dealing with living things.

Materials

• 5 pieces of blank A4 paper
• pencil
• flowering plants growing in local environment

Method

1. Identify a research question that relates to either the structure or a feature of a flower that may increase
its chances or effectiveness of pollination.

2. Find five plants, each with different types of flower.
3. Using a separate page for each plant, at the top of the page:

• record your name and the date
• record the plant’s name, or, if unknown, record it as ‘specimen A, B, C’ etc.
• give a general description of the location in which the plant is found.

4. Divide the rest of your A4 sheet into three sections:
i. half-page sketch of a flower

• Try to show the parts listed in table 5.1 and label them.
• Count or estimate how many stamens, stigma, petals and sepals are present.

ii. quarter-page sketch of a leaf — include any veins that you see.
iii. quarter-page sketch of the plant’s overall appearance.

Results

1. Draw a half-page sketch of a flower.
• Try to show the parts listed in table 5.1 and label them.
• Count or estimate how many stamens, stigma, petals and sepals are present.
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2. Draw a quarter-page sketch of a leaf – include any veins that you see.
3. Draw a quarter-page sketch of the plant’s overall appearance.
4. Record the structure or feature of your flower identified in your research question from part 1.

Discussion

1. In regards to your chosen floral structure or feature, identify ways in which the flowers you observed
were (a) similar and (b) different.

2. Suggest reasons for (a) similarities between the flowers and (b) differences between the flowers.
3. Research your observed plants using databases and the internet. Construct a table, field guide, cluster

map or multimedia format to summarise your findings on the following:
a. possible identification
b. labelled sketch or image of flower and fruit
c. type of pollination and type of seed dispersal
d. an interesting fact.

4. Based on your observations and your research:
a. suggest how your chosen floral structure or feature may influence the effectiveness of the pollination

of the plant to which it belongs
b. construct a relevant hypothesis that may be investigated.

5. Identify strengths and limitations of this investigation and suggest possible improvements.

Conclusion

Write a conclusion summarising your results. Remember to refer to the aim.

Resourceseses
Resources

Video eLesson Growing plants in Australia (eles-0055)

eWorkbooks Science battles weeds (ewbk-4898)
The sex life of plants (ewbk-4899)
Those fabulous plants! (ewbk-4900)
Plant reproduction (ewbk-4901)

Additional automatically marked question

5.3 EXERCISE

Select your pathway

LEVEL 1:
Questions
1, 2, 3, 4, 5

LEVEL 2:
Questions
6, 7, 9, 10, 13

LEVEL 3:
Questions
8, 11, 12, 14

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand 

1. Identify the missing words to complete the sentence.
a. Flowering plants (_________) have their _________ structures located in their _________
b. Flowers are designed to increase the chances of _________ grains making contact with the

_________.
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2. MC Identify the term used to describe the way in which pollen grains reach the stigma.
FertilisationA. GerminationB. PollinationC. Seed dispersalD.

3. Identify the term used to describe the processes.

Process Term
a. The process in which plants pollinate themselves

b. The process in which pollen from the flower of a different plant of the
same species is used to pollinate the plant

c. The process that increases the variation among offspring, potentially
giving them a better chance of survival

4. Match the words in the left-hand column (below) with those in the right-hand column.

a. sepal A. sperm

b. petal B. sugar

c. pollen C. leaflet

d. nectary D. colour

e. ovule E. egg cell

5. Describe the relationship between:
a. stigma and stamen
b. ovule and seed

c. ovary and fruit
d. pollen and anthers.

Apply and analyse 

6. Distinguish between the following terms.
a. Self-pollination and cross-pollination
b. Pollination and fertilisation
c. Plumule and radicle
d. Germination and fertilisation

7. Rearrange the following terms to construct a flowchart that shows the correct sequence for flowering
plant: Reproduction: fertilisation, seed dispersal, germination, pollination.

8. Suggest why some orchid flowers closely resemble female wasps.
9. Use storyboards or timelines to summarise how plants reproduce.

Evaluate and create 

10. Find and research examples of wind-pollinated and insect-pollinated plants. Construct models that
show what you have found out about their structures.

11. What does pollen have to do with hayfever? Make a model to show the relationship.
12. What are the conditions needed by most plants for germination?
13. SIS Is there a relationship between the colour of the flower and the strength of its scent? Make a

prediction, design a short investigation and collect some data to help you to answer the question.
14. SIS Use your research skills to explain why some flowers are red and some flowers are yellow. (Hint:

It relates to the pollinator.)

Fully worked solutions and sample responses are available in your digital formats.

5.4 Comparing reproductive strategies in animals

LEARNING INTENTION

At the end of this subtopic you will be able to describe some different reproductive strategies seen in the animal
kingdom.
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5.4.1 Reproductive cells in animals

embryo a group of cells
formed from the zygote, and is
developing into different body
organs

gametes (reproductive cells)
reproductive cells (sperm or
ova) containing half the genetic
information of normal cells

haploid half the genetic material
of typical body cells

ova female gametes or sex cells.
Singular = ovum

sperm the male reproductive cell.
It consists of a head, a middle
section and a tail used to swim
towards the egg

fertilisation when there is
penetration of the ovum by a
sperm

zygote a cell formed by the fusion
of two gametes; fertilised ovum
before it starts to divide into more
cells

diploid a full set of genetic
material found in typical body
cells

Animals usually reproduce sexually, which means a male and a female
reproductive cell join together and form a fertilised early embryo. The
reproductive cells are called gametes and carry half the genetic material needed
to produce viable offspring, so are known as haploid cells. The female cell is
known as the ova, or egg, whereas the male cell is known as the sperm cell. The
function of these cells is to carry the parents’ genetic information to the offspring.
This usually means the sperm cell travelling to meet the ova. The moment the ova
and sperm come together is called fertilisation which results in an early embryo
called a zygote containing both sets of genetics from each parent. The zygote
contains a full set of genetic information and therefore is known as a diploid cell.
This early embryo has all of the genetic material it needs to develop into an adult.

Although both ova and sperm contain the same amount of genetic information,
the ova is usually much larger in size as it contains all of the organelles and
structures needed to support the first part of embryo development. In fact, a
chicken’s egg contains everything the offspring needs until it hatches; whereas,
a human ova can only sustain the developing embryo for just over a week, after
that it needs to implant into the mother’s uterus and use her as a nutrient supply.

ewbk-####

FIGURE 5.30 Both sperm and ova are reproductive cells and carry only half of the information for the new
offspring. Once these two cells join together at fertilisation an embryo forms. Initially, although only a single cell,
the embryo contains all of the genetic material needed to form the adult. The embryo begins to gain new cells by
each cell dividing into two, then four, then eight and onwards. Initially these cells are the same; however, later in
development, different cell types and tissue types appear and the offspring starts to resemble the organism it will
become.
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FIGURE 5.31 Reproductive cells in animals. In humans the ova is one tenth of a mm in size (or 100 mm), whereas
the sperm head is approximately 5 mm in diameter meaning that 200 can fit into a mm. Have a look at your ruler,
can you imagine how small that is? The human ova are just visible with the human eye, being about the size of a
fleck of dust.
Both human ova and chicken’s ova are fertilised internally following mating between a male and female; however,
after fertilisation the chicken’s egg becomes encased in a shell and then she lays the egg into her nest where
the chicks develop. In a human, and other mammals, fertilisation, embryo development and growth of the young
occurs inside the mother’s body.

Zygote and

first cleavage

Chicken

life

cycle

4 cell

Morula

Blastocyst
Embryo

Fertilised
Embryo

development

FIGURE 5.32 Sexual reproduction involves fusion of gametes.

Offspring result from joining (fusion)

of a male and a female reproductive cell

Sexual reproduction
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5.4.2 Where fertilisation occurs

internal fertilisation reproduction
occurs when the egg remains
in the female and is fertilised by
sperm inserted into the female

sexual intercourse the act of
inserting sperm into the female;
also called copulation or mating

external fertilisation
reproduction occurs when the
eggs are released by the female
into water and fertilised by sperm
released nearby

Internal fertilisation is used by many animals. The sperm cells are usually
delivered into the reproductive system of the female during mating by copulation
(or sexual intercourse). The embryo may continue to develop inside the female,
as occurs in mammals; or the female lays a batch of eggs, which go on to develop
outside of the female’s body such as for birds and reptiles. Sometimes, however,
external fertilisation happens outside of the body. In the case of the clown fish,
the female lays a batch of between 100 and 1000 eggs and then the male covers
the eggs in sperm cells. The male guards the nest from predators for the next
week until they hatch.

FIGURE 5.33 Some differences between internal and external fertilisation

Fertilisation

External fertilisation

Of successful fertilisations,

many may be lost or
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and develop
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in a protective
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e.g. humans e.g. birdse.g. fish and amphibians
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female’s body
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Internal fertilisation

SCIENCE AS A HUMAN ENDEAVOUR: Marine ecology

Dr Emily Fobert is a Canadian-born scientist who now studies
marine ecology at the University of Melbourne. She fell in love with
the coral reef and the tropical marine ecosystem on a three-week
field course adventure in Cuba while she was at university. Since
then she has travelled the world with her research, studying marine
life in lakes and rivers of Canada and Europe as well as the reefs
around Australia, Indonesia, French Polynesia and the Maldives.

What do you love about marine ecology?

‘Ecology is an incredibly multi-disciplinary field, and to understand
how organisms interact with each other and their environment, you
need to consider aspects of biology, physiology, behaviour and
evolution, as well as the physical aspects of their environment — it
never gets boring!’

FIGURE 5.34 Dr Emily Fobert, Flinders
University
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FIGURE 5.35 Coral reefs are one of the most diverse ecosystems in the world.

Research: Light stops clown fish eggs from hatching

Last year Emily made an interesting discovery about clown fish reproduction. This recent study, a collaboration
between Flinders University and the University of Melbourne, showed that exposing clown fish eggs to artificial
light at night stopped them from hatching. Although at first it may seem hard to imagine why this is important,
consider the lights around Australia’s popular coral reefs cast by boats doing night cruises, hotels and floodlights
shining on the reef to ensure visitors can observe this wonder throughout the night. All of these have now been
shown to have negative effects on a coral reef.

What difference do you hope your research will make?
FIGURE 5.36 Clown fish form
symbiotic mutualisms with sea
anemones

‘I like to ask research questions that can have somewhat applied
outcomes, so that my research is working towards improving
management and conservation practices, and overall reducing our
impact on the planet. I think we are often unaware of how our actions are
impacting animals and natural systems, and by asking these questions
and highlighting what the consequences of our actions can be, I hope
that more people recognise that what we do can affect all life on Earth,
and think more about how we can reduce these impacts.’

Dr Fobert’s work raises many questions about the impact of our actions.
• What do you think are the possible consequences if we

continue to expose clown fish habitats to artificial light at night
time?

• Why do you think it may stop them from hatching?

5.4.3 Did you know that ...
• Some reptiles and rodents actually ‘cement’ up the female’s genitalia by using some of the semen, which

sets into a hard plug, not allowing other sperm to get in.
• Male starworms are ‘live-in lovers’, spending their entire lives within the female’s vagina. Her eggs are

fertilised by these parasitic males (which live off her vaginal fluids) as soon as they are released.
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• Some butterflies have eyes on their genitals to help guide the hooks and claspers of the male to the
appropriate nooks and crannies in the female during copulation.

• The Australian gastric brooding frog (now thought to be extinct) swallowed its externally fertilised eggs
and then developed them in its stomach. A special chemical produced by the eggs stopped them from being
digested. More than 25 baby frogs would crawl out of the female’s stomach and into her mouth.

• Leadbeater’s possums are tiny marsupials endemic to the Victorian high
country. The mother gives birth two weeks after mating and keeps her two
offspring in her pouch for another 12 weeks. The young stay with the mother
for up to ten months but are not reproductively mature until about two years
of age. The lifespan of a Leadbeater’s possum is approximately six years.

FIGURE 5.37 Some male damselflies have a penis
with a special hook on the end. He uses it to remove
other sperm left inside his mate by previous lovers
before he makes his own deposit.

FIGURE 5.38 Leadbeater’s possums are tiny
marsupials endemic to the Victorian high country.
The mother gives birth two weeks after mating and
keeps her two offspring in her pouch for another
12 weeks. The young stay with the mother for up
to ten months but are not reproductively mature
until about two years of age. The lifespan of a
Leadbeater’s possum is approximately six years.

hermaphrodites organism
that has both male and female
reproductive organs

FIGURE 5.39 Snails are hermaphrodites because they have both
egg-producing and sperm-producing organs.

Hermaphroditic duct

Ovotestis

Seminal

receptacle

Foot Oviduct
Sperm duct Penis

Mucous gland

Dart sac
Vagina

Genital pore

Did you know that ancestral reptiles were
the first vertebrates to have a penis, and
that snails contain both male and female
reproductive organs? While there is
considerable diversity in the organisation
of reproductive systems in organisms,
there are also patterns and similarities.
Although reproductive organs may
appear structurally different, they often
perform similar specialised functions
that enable their species to survive and
reproduce. In figure 5.39 can you identify
similarities to our human reproductive
systems? If so, what are they?
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5.4.4 Big families FIGURE 5.40 Green turtles, Chelonia mydas, reach
reproductive maturity between 30 and 50 years of age and
will continue breed and nest every five years for the next
30 years. In a nesting year a turtle will nest in the sand every
two weeks laying 100–200 eggs per nest. The adult turtle then
leaves the nest and never returns. About two months later
the hatchlings start to appear, scrambling to the water hoping
to avoid a predator. Only an estimated 1 in 1000 hatchlings
survive to become adult turtles. Although this sounds like a
poor reproductive strategy you might argue that it is exactly
the opposite as these animals have survived on Earth for
110 million years.

Reproduction can be a risky business — but
when the stakes are high it can be worth it!
Some animals have some pretty tricky ways
of reproducing …

Many organisms produce more eggs than
can survive. Imagine what would happen
if the 2000 eggs laid by a female house fly
all survived! Environmental factors and
predators kill many offspring before they
get a chance to develop to the stage at which
they themselves can reproduce. Sea urchins,
for example, discharge millions of gametes
into the sea at one time. The coordinated
timing of this release increases the chances
of fertilisation occurring. However, most of
the young sea urchins die. These deaths are
caused by many factors, such as competition
for food and resources, and predation
by other animals. If this reduction in the
numbers of sea urchins did not occur, they
would soon over-populate the oceans.
A high juvenile death rate is also quite
common in many other organisms.

5.4.5 Dad’s having a baby

FIGURE 5.41 Male Hippocampus
abdominalis seahorses try to get females to
select them to carry eggs by inflating their
pouches into a white balloon.

Seahorses are very unusual fish, especially when it comes to
making babies! It is the female that inserts part of her body
(an ovipositor) into the male. She pumps eggs into a pouch
at the front of his body and he then fertilises them with his
sperm. Labour can sometimes take two days. Dad gives birth
to 50–100 little seahorses, squeezing them out one at a time. No
wonder he’s called a big-bellied seahorse.

There are some amazing stories to tell about other types of
seahorses. The male Photocorynus seahorse never grows larger
than 10 cm and leads a parasitic life in which he is permanently
attached to the female, hanging on by his mouth! This is useful
to the female because it means that she doesn’t have to search
dark ocean depths to find a mate when her eggs are ready for
fertilisation.

Resourceseses
Resources

Video eLesson The weedy seadragon with eggs hatching and a
juvenile (eles-2067)
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5.4.6 Guess who’s coming to dinner

FIGURE 5.42 The male Australian redback spider, for
example, is usually eaten by his sexual partner while mating
with her.

In some fish species in which the male is in
charge of protecting a clutch of eggs, it is not
unusual for him to indulge in eating some of his
own offspring. Honey, I ate the kids!

This trend also appears in some spider groups.
The male Australian redback spider, for
example, is usually eaten by his sexual partner
while mating with her. He is even considerate
enough to position his body directly in front of
her jaws after he has inserted his coil-shaped
sexual organ into her. Male redbacks have a
short lifespan; locating a female is extremely
competitive and often the tip of their sexual
organ breaks off during sex!

Recent studies have found that males that are
consumed increase their chances of fertilising
the female’s eggs. By being eaten, they distract
the female so that they may mate for longer. It was found that males that were eaten were able to mate for
25 minutes compared with 11 minutes for those that escaped. Hence, the eaten males had twice the chance of
fertilising the eggs with their sperm. So, although being eaten for dinner seems like a high price to pay for sex, it
does have some long-term rewards.

Resourceseses
Resources

Video eLesson Redback spiders mating (eles-2541)

5.4.7 Sending out signals

Using smell

pheromones chemicals that
are important in communication
between members of the
opposite sex

Chemicals called pheromones can play an important role in communications between members of the same
species. This type of communication makes it very easy for animals to locate a mate, even in sparsely populated
areas.

When a female dog is about to ovulate, she comes ‘on heat’. During this time she releases a pheromone into
her urine to notify male dogs that she is ready for mating. Likewise, female moths use scented chemicals that
sexually attract male moths from as far away as 8 kilometres.

Using light
Fireflies can make part of their body glow different colours. A chemical reaction produces a bright yellow, green
or blue colour, which is used to help males and females find each other so that they can mate. Not all females,
however, have reproduction on their minds. Females of a particular type of firefly
have a different activity in mind. They flash their glowing abdomens on and off
in a particular pattern, usually suggestive of a mating invitation. Sadly, instead of
a romantic rendezvous, the males become a tasty meal.
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FIGURE 5.43 During
ovulation, a female dog
releases a pheromone
into her urine.

FIGURE 5.44 A chemical reaction
in fireflies produces a bright yellow,
green or blue colour, to help males
and females find each other so that
they can mate.

Resourceseses
Resources

Video eLesson Photuris firefly (eles-2542)

Using sound

FIGURE 5.45 The male humpback whale
sings a song during the mating season to
advertise his sexual availability to females.

Whales may become separated by long distances, so in order
to reproduce it is important that they can communicate. The
male humpback whale sings a song during the mating season
to advertise his sexual availability to females.

Birds also use their songs to attract potential mates. Frogs
and crickets may not sound so melodic, but they have their
own way of making it known that they are available for sex.
Male crickets make their chirping song by rubbing their
forewings together. Often they build their own version of a
stereo amplifier by digging an underground nest with a twin-
horned tunnel entrance. By sitting at the junction of the horns
they can beam out their message loud and clear for all to hear.

5.4.8 Tammar trends
FIGURE 5.46 A newborn Tammar wallaby
sucking on its mother’s teat

Researchers are studying the reproductive biology of the
Tammar wallaby, a marsupial mammal native to South and
Western Australia; this research may help us to understand
more about ourselves.

A baby Tammar wallaby is born about 26 days after
conception. At birth, it weighs only 400 mg, is about the size
of the end of your little finger, and is blind and hairless. After
leaving the birth canal, it crawls up into its mother’s pouch
and attaches itself to one of her teats. At this stage, its external
sex organs have not yet developed; researchers already know
that these develop in stages quite different from those in many
other mammals.
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FIGURE 5.47 Will Tammar wallabies
provide clues to our future reproductive
technologies?

After suckling for about five months, it emerges from the
pouch as a young joey. Although a joey can continue to suckle
for up to a year, the mother can suckle another wallaby at a
different stage of development at the same time. She does this by
simultaneously producing two different types of milk. Research
on how she does this could help us to improve milk production
in farmed animals and our own human nutrition.

The mother Tammar wallaby can suspend the development of a
fertilised egg until its older brother or sister has left the pouch,
or until environmental conditions are more suitable. Finding
out how she achieves this may help us develop new fertility
and development technologies for other mammals, including
humans.

Resourceseses
Resources

Video eLesson Tammar wallaby with large joey in pouch (eles-2543)

Additional automatically marked question

5.4 EXERCISE

Select your pathway 

LEVEL 1:
Questions
1, 2, 3, 4, 5, 7

LEVEL 2:
Questions
6, 8, 9, 12, 16

LEVEL 3:
Questions
10, 11, 13, 14, 15

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand

1. Identify the missing words to complete the sentence.
Environmental factors, ____________ and ____________ for food and resources can result in the
death of many ____________ before they get a chance to develop to the stage at which they
can ____________.

2. Identify whether the statement is true or false.

Statement True or false
a. Many organisms produce more eggs than can survive.

b. In seahorses, the father can give birth to the young.

c. Some male damselflies have a penis with a special hook on the end to
remove sperm left inside his mate by previous lovers before he makes his
own deposit.

d. If eaten by his sexual partner, the male red-back spider has an increased
chance of fertilising her eggs.

e. Some reptiles ‘cement’ up the female’s genitalia by using semen that sets
into a hard plug so that other sperm cannot get in.

f. Pheromones are a group of chemicals that play an important role in
communication between members of the same species.

(continued)
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(continued)

Statement True or false
g. Hermaphrodites are animals that have both egg-producing and sperm-

producing organs.

h. Fireflies make part of their body glow different colours to help find mates,
but never to lure mates and then eat them.

i. The male humpback whale sings a song during mating season to
advertise his sexual availability to females.

j. The Tammar wallaby can only suckle one infant at a time.

3. Match the correct terms to the following definitions.

Definition Term
a. Name given to reproductive cells A. Pheromones

b. Male reproductive cell B. Fertilisation

c. Female reproductive cell C. Sperm

d. Name of early embryo just following fertilisation D. Ovum (ova)

e. Chemical signal released outside of the body to communicate to
other members of the species

E. Gametes

f. The joining of a male and female reproductive cell to form an
embryo

F. Zygote

4. What is the name of the group of chemicals that can play an important role in communications
between members of the same species?

5. Suggest three ways in which smell is important to reproduction.
6. Describe what it means when a dog is ‘on heat’.
7. SIS Using the graph paper accurately, show the size of a human ova and sperm. Hint: decide on and

mark 1 mm first then indicate how large each cell is in relation to 1 mm.
8. Compare internal and external fertilisation using an example from the text of each one and ensure you

use comparative language.
9. Describe one way in which the following males may increase the chances of their sperm fertilising the

female’s ova:
a. redback spider
b. starworms
c. damselflies
d. some reptiles and rodents.

10. Compare the reproductive strategies of the green turtle and Leadbeater’s possum.
Consider the following features of each:

Green turtle Leadbeater’s possum

How many young are born (or
hatch)?

How do the parents care for their
young?

How many years do they
reproduce for?

How many of their young are
likely to survive to adulthood?

11. SIS Which strategy do you think is more successful in terms of ensuring the species survives? Justify
your answer.
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Think

12. Making connections. Using the examples from this section identify three ways in which chemicals are
important in reproduction to different animals.

13. SIS The Tammar wallaby can suspend, or pause, the development of a fertilised embryo. Suggest
why this is an advantage for both the mother and offspring.

14. SIS Suggest why reproduction is worth the risks that may be involved.

15. SIS How might we support organisms that are at risk of extinction to survive for more generations?
16. Construct a poster advising tourists visiting the Great Barrier Reef on the impacts of their actions to

organisms in the reef. Your poster must:
• make specific reference to the research of Dr Fobert and her findings on the impact of

artificial light on clown fish reproduction
• suggest the long-term effect on the reef clown fish population if artificial light use continues

at night around the reef
• list possible changes that people and organisations could make to reduce their impact
• identify areas for further research that should be investigated to identify how big the issue of

light contamination is on marine organisms.

Fully worked solutions and sample responses are available in your digital formats.

5.5 Human reproduction

LEARNING INTENTION

At the end of this subtopic you will be able to explain the role of gametes in human reproduction including where
they are produced and how they combine to result in a pregnancy and birth.

FIGURE 5.48 Human sperm cells surround an ovum.Human reproduction is a complex and intriguing
process. Its success is determined by a range of
factors and manipulated by people wishing to control
the timing of reproduction as well as the number of
offspring they have. It is a dynamic and fascinating
area of research as well that links biology to many
other fields within science and medicine.

5.5.1 Gonads and gametes

gonads reproductive organs
where gametes are produced; the
testes and ovaries

Gonads are the site of gamete production. They are
specialised organs that contain many different
specialised cells needed to support growth and
development of healthy gametes. In human males
the gametes, sperm cells, are produced continuously
for most of the adult life. The female gametes, however,
are all present at birth in an immature state. Throughout a female’s reproductive
years a complex cycle called the menstrual cycle supports the growth and
maturation of an ovum and its release.

5.5.2 Female reproductive system uterus the site of embryo
implantation, and supports
the developing fetus from
implantation to birth. About the
size of a pear if not pregnant

The female gonads are called ovaries, this is the site for production of the female
gametes (sex cells), the ova. There are two ovaries each connected to the uterus
via their own fallopian tube.
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FIGURE 5.49 The female reproductive system
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Human ova are produced during development of the female fetus before birth, and once the baby is born no
more ova can be produced. From birth to puberty the number of ova decline; by the time a young female enters
puberty there are usually about 400 000 ova in each ovary although it is likely that only two or three of these will
become new offspring.

ovulation the release of an ovum
from a mature follicle in the ovary
into the fallopian tube

Each month a small number of ova grow within a fluid-filled follicle in the ovary.
Usually only one follicle completes its growth and releases a mature ovum during the
process of ovulation into the fallopian tube.

FIGURE 5.50 Development of an ovum occurs inside the follicle of the ovary over a number of weeks. Initially the
ovum and its follicle are small; however, both growth of the ovum and expansion of the follicle occur in response
to hormones (chemical messengers) circulating around the female’s bloodstream. The follicle eventually fills with
so much fluid it ruptures and releases the mature ovum into the fallopian tube where it can be fertilised. This
process can be seen at its different stages using a powerful microscope as illustrated by the section of the cat
ovary shown here.

6
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Corpus albicans8
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FIGURE 5.51 Human ova are approximately one tenth of a millimetre in size.

1 mm

mitochondria small rod-shaped
organelles that supply energy to
other parts of the cell. They are
usually too small to be seen with
light microscopes. Singular =
mitochondrion

A mature ovum is a large cell (approximately 100 µm) that contains half of the genetic material needed to
begin embryonic development but nearly all of the cellular machinery needed. A single human ovum contains
approximately 100 000 mitochondria needed to meet the energy demands of fertilisation and early embryo
development. In addition, the ova can produce proteins in its ribosomes, absorb nutrients and break them down,
and remove waste.

mitochondrial DNA (mtDNA)
genetic material from the
mitochondria, passed on only
from the mother

Interestingly, mitochondria in the ova have their own DNA which will be handed directly from the mother to the
offspring. Only recently have we started to understand the importance of mitochondrial DNA (mtDNA) and
the information held within the mitochondria for developing our understanding of evolution as well as a range of
genetic diseases.

TABLE 5.2 Summary of the human female reproductive system

Part Function
Ova (plural), ovum
(singular)

Female gamete, egg

Ovaries Female gonads, one ovum matures and is released on a monthly basis from one
of the two ovaries

Fallopian
tubes/oviducts

Tubes through which the ovum must travel to reach the uterus. The site of
fertilisation if sperm is present after intercourse

Uterus The site of embryo implantation, supports the developing fetus from implantation
to birth. About the size of a pear if not pregnant

Endometrium The lining of the uterus. Is shed during menstrual bleeding, or period, if an
embryo does not implant

Cervix The passageway between the vagina and the uterus. Dilates during childbirth to
allow the baby to be delivered through the vagina

Vagina Elastic entry to the female reproductive system. The site for semen to enter
during intercourse and delivery of a baby during childbirth

Clitoris Small accessory organ that swells during sexual arousal

5.5.3 Male reproductive system

testes organs that produce
sperm and sex hormones

puberty the life stage when the
sex glands become active and
bodily changes occur to enable
reproduction

The male gonads are called testes, and they are suspended outside of the body
to keep the temperature 3º C cooler than body temperature, which is optimal for
producing sperm. The testes are continuously producing gametes from puberty
for most of the male’s lifetime.

TOPIC 5 Systems – Reproduction 35

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c05Reproduction_PrintPDF” — 2020/7/1 — 5:50 — page 36 — #36

eles-2068

ewbk-####

FIGURE 5.52 The male reproductive system
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A typical ejaculate can contain 300 million sperm cells that are ejaculated in a sticky fluid called semen. Sperm
are about one-twentieth the size of a human ovum and are much simpler cells containing less organelles and
cytoplasm than the ovum. This reflects their role, which is simply to deliver the genetic information to the ovum.
Sperm are motile cells that have the ability to swim by beating their long flagella and propelling themselves
forwards and therefore need mitochondria to provide the energy for swimming. Only sperm with the correct
shaped head and a good level of motility will be able to reach the fallopian tube and fertilise the ovum. It is
common for only 5 per cent of sperm cells to have the correct shape to fertilise an ovum.

FIGURE 5.53 Sperm are about 20 times smaller than ova, but with a long tail for motility.

100 µm

Resourceseses
Resources

Video eLesson Human ovum in utero and sperm cells (eles-2539)
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FIGURE 5.54 Sperm morphology, or shape, is very important as sperm cells without the correct head, midpiece
or tail shape will not be capable of fertilising the ovum.

Normal Defect head No acrosome

Neck and mid defect Tail defect

Amazing sperm

FIGURE 5.55 A sperm cell
under a microscope

Sperm cells are less than half a millimetre long. Viewed through a microscope
lens, spermatozoa (sperm, for short) remind you of tadpoles — a big
head and a thin, whippy tail. They form in the testes, but only when the
temperature is just right — a few degrees lower than body temperature. This
is where the scrotum — a natural thermostat — does its job. It shrivels and
scrunches up closer to the body when you are cold (keeping sperm warmer)
and hangs away from your body when you are hot (cooling them down).

Sperm by the millions

The average amount of semen produced during an ejaculation (about a
teaspoonful) contains about 200–500 million sperm cells! You might think
it would take a long time for the testes to make 400 million sperm. Not so.
Some 200 million sperm cells are manufactured each day by a fertile adult
male. That’s around 73 billion sperm cells in a year!

Which animal has the longest sperm? Not an elephant, whale or human,
but a fruit fly. Fruit flies of the species Drosophila bifurca have sperm about
5.8 cm long! That’s about 20 times longer than their own body and around
1000 times longer than human sperm.

Most sperm cells do not progress through the cervix and into the uterus, even less make it into the fallopian
tube where a mature ovum may be waiting. Only one sperm cell can fertilise an ovum in the fallopian tube and
contribute its genetic material to the offspring.
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TABLE 5.3 Parts of the human male reproductive system

Part Function
Sperm Male gamete

Testes Male produce sperm cells continuously throughout reproductive life.

Scrotum Surround the testes and keep them suspended outside of the body to keep the testes
at about 34º C, about three degrees Celsius cooler than core body temperature.

Seminal fluid, semen A liquid containing sperm cells produced in the testes and fluids from the prostate
and seminal vesicle. Highly viscous to support delivery of sperm into the
reproductive system.

Vas deferens The tube through which mature sperm cells travel from the testes to the penis.

Prostate gland About the size of a walnut, the prostate secretes fluid to support sperm function and
maintain the pH of the semen.

Seminal vesicle Provides sugar and nutrients to the semen to support sperm function.

Urethra Tube inside the penis through which urine and semen leave the body.

Penis External sexual organ that swells during arousal. Semen containing sperm cells are
released, or ejaculated, into the vagina during sexual intercourse.

5.5.4 Puberty

FIGURE 5.56 Both boys and girls
experience a growth spurt around
the time of puberty, before they
stop getting taller altogether.
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Puberty is the process of change that occurs as children become
adults and reach reproductive maturity. Each change is the result of
a chemical or hormonal change in the body. Hormonal and chemical
changes in the body cause a range of observable physical changes
(figure 5.9 ). Many of these changes can feel annoying and sometimes
upsetting but are an essential part of becoming an adult who is fertile
and capable of reproducing. It is at this time that males start to produce
sperm cells and females release an ova as part of their monthly
menstrual cycle.

TABLE 5.4 The main changes observed during puberty

Boys Girls

Testes grow Breasts grow

Pubic hair develops Pubic hair develops

Penis growns Menstrual cycle begins

Increase in body hair on face,
arms, legs, armpits and chest

Increase in body hair on arms,
legs and armpits

Grows taller Growth slows

Body shape changes: increased
muscle growth broadens
shoulders

Body shape changes: increased
curves, hips widen

Increased oil secretion in the
skin results in pimples due to
hormonal changes

Increased oil secretion in the
skin results in pimples due to
hormonal changes

Sweat production increases Sweat production increases

Voice deepens
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FIGURE 5.57 Other changes that occur during puberty include the growth of hair in the
pubic region, under the arms and on boys’ faces. Both boys and girls can experience acne
as well as changes in the shape of their bodies. Also, changes in mood, confidence, voice
and interest in romance are all common in young people during puberty. Hormones are the
reason for these changes. Hormones are chemicals that circulate around the body in the
bloodstream and can have multiple effects on different organs such as the skin, brain and
reproductive organs. After the rapid and significant changes that occur during teenage
puberty, the hormones settle down as young people enter adulthood.

EXTENSION

What are hormones?

target cell a specific cell on
which a hormone can cause a
response

Hormones are chemical messengers that travel around in the circulation and cause a change in a particular type
of cell known as the target cell. Hormones are produced in a gland and can have an effect in many different
tissue types a long distance from where they are produced.

There are many different hormones circulating in the human body at the same time.
Some that may be familiar to you include adrenaline, which increases the heart rate
and reaction time; testosterone, which regulates reproduction in both males and
females; and insulin, which controls blood glucose levels. Hormones control human
metabolism, growth, core body temperature, mood, water balance and reproduction.

FIGURE 5.58 The role of two important reproductive hormones is summarised in the diagrams.
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Resourceseses
Resources

eWorkbooks Puberty and boys (ewbk-4896)
Puberty and girls (ewbk-4897)

5.5.5 Menstrual cycle
The most significant change in a young female during puberty is the commencement of the menstrual cycle.

menstruation the monthly
bleeding, sometimes called
‘periods’. It occurs as the lining
of the uterus is released

This cycle usually begins between the ages of 11 and 14 and is indicated by the first menstrual bleed, or
menarch. Menstruation, known as a period, is actually a shedding of the uterine lining, the endometrium, that
has thickened over the previous month in preparation for an embryo to implant. Unless
an embryo implants into the endometrium it is shed and starts to build again in
preparation for the next time an ovum is released. The cycle begins on the first day of
menstrual bleeding and ovulation usually occurs at the halfway point, after about
14 days of a 28-day cycle.

eles-2539
FIGURE 5.59 Menstrual cycle — what’s happening?
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FIGURE 5.60 Solving the period puzzle …
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eWorkbook Menstruation (ewbk-4903)

SCIENCE AS A HUMAN ENDEAVOUR: Andrology FIGURE 5.61 Dr Liu and Fabrizzio
Horta Nunez have spent years
researching sperm and sperm
function.

Extensive research into sperm and sperm function has been conducted
over the years with significant discoveries being made here in Australia
by scientists working in the field of andrology.

Dr De-Yi Liu is a scientist working between Melbourne University, the
Royal Women’s Hospital and The Royal Children’s Hospital. Dr Liu has
spent many years investigating factors that lead to failure of fertilisation
of human ova by sperm. He has discovered that despite seemingly
normal morphology, or shape, that some sperm are not capable of
binding to the ovum resulting in couples who are not able to conceive.
Dr Liu developed a laboratory test to identify this, which has supported
couples who are unsuccessful in trying to fall pregnant.

Another Melbourne-based andrology researcher, Mr Fabrizzio Horta
Nunez, has spent ten years researching the male gamete. Recent
findings from an investigation of more than 1500 patients at Monash
IVF found that despite the fact that sperm production does not
significantly decline with age in men, the male age is important to
the chances of conceiving. His research found a significant decline in
the success rate after the age of 40.
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5.5.6 Conception

zona pellucida surrounds the
ovum and embryo for the first
week of development

For sexual reproduction to be successful in humans, a number of things need to occur at the same time. First,
there must be a mature egg in the fallopian tube, although this cannot be more than a few hours old. Second, a
healthy sperm with normal morphology that is capable of fertilising must be in exactly the same place as the
ovum, release enzymes to digest through a large number of cells surrounding the ovum and then bind to the
outside shell, or zona pellucida, of the ovum. The single sperm must then successfully penetrate the zona and
fuse with the cell while initiating a block to other sperm preventing them from entering the ovum.

FIGURE 5.62 Sexual intercourse — getting the sperm to the egg
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If this all occurs correctly, the sperm can combine its genetic information, its haploid
set of DNA, with the ovum’s haploid set of DNA resulting in fertilisation and
formation of an early embryo known as a zygote. The successful fertilisation of an
ovum can be confirmed using a light microscope if two nuclei are visible inside the
ovum.
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FIGURE 5.63 Human unfertilised ovum (bottom
left) and three fertilised zygotes each showing two
nuclei indicating one set of genetic information
from the ovum and one set from the sperm

5.5.7 Developing embryo
blastocyst an embryo with a
fluid-filled cavity that is beginning
to differentiate, five or six days
after fertilisation

differentiation when cells
become different to each other
and start to become specialised

implantation the process
whereby the embryo becomes
embedded in the wall of the
uterus

Once fertilisation occurs embryo development continues for about a week before
implanting into the uterus. Initially only one cell, the embryo can reach more
than 100 cells by day six. The blastocyst stage occurs around day five or six after
fertilisation. Until this stage, every cell is identical; after this stage, the cells have
a different destiny. Differentiation occurs where some cells become destined to
become the fetus while other cells are destined to become the placenta to support
the fetus. After six days of development the embryo can hatch out of the zona
pellucida and attach to the lining of the uterus. This stage is called implantation
and marks the point at which the embryo can use the nutrients from the mother.

Many embryos do not fertilise or develop correctly and therefore fail to implant,
which explains why some people have difficulty falling pregnant.

FIGURE 5.64 Embryo development in the first week of pregnancy.
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FIGURE 5.65 Photomicrograph of an isolated
blastocyst stage human embryo, 20x magnification

5.5.8 Pregnancy

The first eight weeks

conception the successful
embedding of a fertilised egg
in the uterus wall

Conception occurs when the egg cell and sperm unite to form a zygote. When
the zygote has divided into many more cells, it is known as an embryo. About ten
days after fertilisation, the embryo completely embeds itself in the uterus lining
(endometrium). This process is called implantation.

int-3408
FIGURE 5.66 The process of fertilisation through to conception
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oestrogen and progesterone. 

These hormones cause the 

lining of the uterus to thicken 

ready to receive the embryo.

The embryo sticks to the 

uterus lining up to 3 days 

after reaching the uterus.

About 10 days after 

fertilisation, the embryo 

embeds itself in the 

uterus lining.
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FIGURE 5.67 The first eight weeks

Third week: Neural tube,

which will later become the

spinal cord, has formed.

Actual size

Fourth week: The heart is beating

and the liver and lungs can be seen.

Eighth week: Arms and legs are

visible and the embryo moves.

Weeks 2 3 4 5 6 8

TWO OR MORE?

identical twins twins developed
from the same fertilised egg

Sometimes in the very early stages of division following fertilisation the embryo splits in two, so that two identical
offspring are produced. This happens in the case of identical twins. They will always be the same gender as they
both have the same genetic make-up.

fraternal twins twins developed
from different fertilised eggs

Identical twins Different (fraternal) twins

Usually, only one ovum is released at a time. However, if several
are released, twins or more can result from fertilisation by different
sperm. In this case, the babies are not identical because they have
different genetic combinations. These are called fraternal twins.

The use of fertility drugs and treatments has resulted in an increase
in the number of multiple births. This is because fertility treatments
can affect ovulation, so that more than one egg is released at a
time. Some of these drugs can increase the chance of twins by 25
times and of triplets up to 350 times!

After eight

fetus the unborn young of an
animal that has developed a
distinct head, arms and legs

placenta an organ formed in the
mother’s womb through which the
baby receives food and oxygen
from the mother’s blood and the
baby’s wastes are removed

gestation the time spent by
offspring developing in the uterus

premature a baby born less than
37 weeks after conception

In humans, at about eight weeks, when the embryo has developed a distinct head,
arms and legs, it is called a fetus. The fetus obtains nutrients and oxygen through
a special organ called the placenta. This organ is connected to the mother’s blood
vessels through the uterus. The placenta also absorbs fetal waste products and acts
as a barrier against harmful substances. The unborn child continues to develop
inside a sac that is filled with fluid (called amniotic fluid) for the rest of its time
within the uterus. The total time spent in the uterus is often called the gestation
period. In humans, this is usually about 40 weeks. If a baby is born before 37
weeks, it is called premature and usually requires extra care and assistance.

TABLE 5.5 Approximate size of a fetus at different stages of
development

Development (weeks) Length (cm) Mass (g)

8 3 2

12 7.5 18

16 16 140

40 51 3400
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FIGURE 5.68 A human embryo at 32 days
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FIGURE 5.69 A human embryo at 52 days

Eye

Nose

Ear

Upper

limb

Lower

limb

Umbilical

cord

Resourceseses
Resources

Video eLesson Medical ultrasound scan of human embryo (eles-2061)

5.5.9 Giving birth

labour one of the stages of
childbirth

breech a birth in which the baby
is born feet first

Three stages are involved in giving birth to a baby. Giving birth is referred to as
labour because it can be a lot of hard work for the mother. During the first stage, the
cervix gradually widens. In the second stage, the woman feels a strong urge to push
with each contraction of the uterus. During this stage the baby is born through the
vagina, or birth canal. Usually the baby is born head first. Sometimes the baby is born
bottom or feet first; this is referred to as a breech birth and is often more difficult. The
third stage lasts from the baby’s delivery until the placenta is delivered.

caesarean an operation to
remove a baby by cutting the
mother’s abdomen

In some cases, the baby or mother need extra assistance. A caesarean may be performed in which doctors
surgically remove the baby by cutting through the mother’s abdomen to her uterus.

FIGURE 5.70 Ready for birth — the baby at 40 weeks’ gestation

The placenta supplies the baby with 

nutrients and removes fetal waste 

products. The placenta is expelled 

during the final stages of labour. It is 

then known as the ‘afterbirth’.

The amniotic fluid 

protects the baby.

The vagina 

expands and 

relaxes to allow 

the baby to 

pass through.

The cervix 

becomes thin 

and opens to 

allow the baby 

to pass through.

The umbilical cord 

connects the baby to 

the placenta.
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FIGURE 5.71 Stages of giving birth

First stage

Uterus begins to contract at regular intervals that get
closer and closer together. These contractions begin
pushing down on the baby. At some point, the sac
holding the amniotic fluid breaks; the fluid leaks out of
the mother’s vagina.
As contractions continue, the cervix stretches open,
until it is about 10 cm wide. This stage can last for many
hours, especially for first-time mothers.

Urinary

bladder

Vagina

Ruptured

amniotic sac

Rectum

Second stage

The mother gets a fierce urge to push (a bit like with a
bowel motion) every time the uterus contracts. Bit by
bit, this pushes the baby further down the vagina (birth
canal).

Placenta

Third stage

The placenta is delivered after the baby is born. By
this stage of the pregnancy it is a flattish, dinner-plate-
shaped organ that looks a bit like a large piece of
liver.

Uterus

Placenta

Umbilical

cord

Resourceseses
Resources

Video eLesson Giving birth (eles-2070)
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Oxytocin — the ‘trust’ hormone

FIGURE 5.72 Cuddling and breastfeeding can
result in the release of oxytocin, which can
promote feelings of trust, love and bonding.

Hormones can have a variety of effects on our bodies.
Oxytocin is an example of a hormone that not only
has the potential to change how we feel, but also has
important reproductive roles. This hormone causes the
uterus to contract during childbirth and has a key role
in breastfeeding. When a baby suckles on the mother’s
nipple, oxytocin is released in the mother, triggering the
‘let down’ response in which milk is released for the baby.

Oxytocin is also thought to be involved in the promotion
of trust, love, empathy and social recognition. It has been
described as the ‘cuddle chemical’, as it is released when
mothers cuddle their babies. The release of oxytocin
may assist in the formation of bonds not only between
mothers and their babies, but also between people in
close relationships.

With trust comes power! Nasal sprays containing oxytocin have been marketed as ‘trust sprays’. These are
being advertised as having commercial value as they may contribute to feelings of trust in potential clients and
customers. The development of oxytocin nasal sprays also provides an opportunity for researchers to investigate
the potential use of this hormone in the development of treatments for specific autism spectrum disorders (ASD)
and in treatments to increase empathy and learn successful face recognition.

Resourceseses
Resources

eWorkbooks Human reproduction (ewbk-4904)
Inside the womb (ewbk-4905)

5.5 EXERCISE  

Select your pathway

LEVEL 1:
Questions
1, 2, 5, 6, 9, 10, 16

LEVEL 2:
Questions
3, 4, 7, 8, 14, 15, 17

LEVEL 3:
Questions
11, 12, 13, 18, 19, 20

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand

1. Identify the parts of the female reproductive system that:

a. produces ova

b. through which ova must travel to reach the uterus

c. in which fertilisation of the ovum by the sperm occurs

d. in which the embryo implants and is ‘home’ for the developing baby

e. is the passageway between the vagina and the uterus

f. through which semen containing sperm enters during sexual intercourse

g. through which babies pass through from the uterus during birth.
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2. Identify the parts of the male reproductive system that:

a. produces sperm

b. through which sperm cells travel from the testes to the penis

c. in which the testes are located

d. through which semen travels through the penis to leave the male’s body

e. swells during sexual arousal and through which semen containing sperm is ejaculated.

3. Put the following words into sentences.
a. Testes, scrotum, sperm
b. Ovaries, ova, follicles
c. Vas deferens, fallopian tube, ovaries, testes
d. Ovum, fallopian tube, sperm, fertilisation, ovary

4. Draw a table as shown below. Classify the following organs and list them in the correct column of your
table.
fallopian tube, penis, urethra, testes, prostate gland, bladder, uterus, seminal vesicle, ovary, vas
deferens, scrotum, cervix, vagina

Found in males only Found in females only
Found in both males and

females

5. Identify whether the statement is true or false.

Statement True or false
a. In males, during puberty, the voice box gets smaller, which makes their voice deeper.

b. Sex hormones, such as testosterone, can make glands in the skin produce extra oil,
which may result in pimples.

c. Everybody goes through puberty at the same age.

d. Eventually all the eggs that girls are born with will mature throughout their lifetime.

e. The menstrual cycle is 28 days in all women.

f. If you are having periods, it means that you may be physically able to get pregnant and
have a baby.

6. Match the term to the correct process.

Process Term
a. The release of a mature ovum from the ovary into the fallopian tube A. Menstrual cycle

b. The monthly shedding of the lining of the uterus through the vagina B. Menarche

c. The first period experienced by a female C. Menstruation

d. The time from the first day of one period to the first day of the next D. Ovulation

7. Use the figure 5.62 to help you answer the following questions.
a. On which day in a 28-day cycle is ovulation likely to occur?
b. At which time in the cycle is the sperm most likely to meet (and fertilise) an egg?
c. On which days in a 28-day cycle is menstruation likely to occur?

8. Use figure 5.61 to help you answer the following questions.
a. Which hormone is found in the highest concentration just before ovulation?
b. Which hormone is found in the highest concentration when the uterine lining is thickest?
c. At which time in the cycle would the lining provide the best ‘home’ for a fertilised egg?
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9. Identify whether the statement is true or false.

Statement True or false
a. Conception occurs when the egg cell and sperm unite to form a zygote.

b. The total time the unborn baby spends in the uterus is often called the
gestation period.

c. If a human baby is born after 40 weeks, then it is called premature.

d. The placenta is expelled during the final stages of labour and is called the
‘afterbirth’.

e. Oxytocin is a hormone that causes the uterus to contract during childbirth.

f. When a baby suckles on the mother’s nipple, oxytocin is released in the
mother, which triggers the release of milk.

g. Fertilisation of the egg occurs in the uterus.

h. Oestrogen and progesterone cause the lining of the uterus to become
thinner

i. The placenta is connected to the mother’s blood vessels through the
uterus.

j. A breech birth is when the baby is born bottom or feet first.

10. Key ideas. Fill in the the blanks to describe conception:
Human reproductive cells are known as ____________. When an ovum is released from the
____________, it needs to be ____________ by a sperm cell for a zygote to form. The zygote then
divides into an ____________ which moves down the fallopian tube and into the uterus where it will
____________ into the endometrium.

11. After puberty, the testes continue making sperm for the rest of a man’s life. How is this different from
gamete production in a woman? What are the consequences of this?

12. If a female has menstrual cycles, is she potentially able to have babies? Explain.
13. Why aren’t all menstrual cycles, penises and breasts the same?
14. Explain why sexual intercourse does not always result in a pregnancy.
15. Suggest why women with blocked fallopian tubes are unable to have babies.
16. Carefully observe figures 5.53 and 5.57. (a) Identify three organs for each gender and state their

function. (b) Suggest how the structure of each organ suits it for its function.
17. SIS Construct a table and a graph using information in this subtopic to show the changes in length of

the embryo from conception (zero weeks) to birth (40 weeks).

Development (weeks) Length (cm) Mass (g)

0 0.01 0

12

16

40

18. SIS Construct a graph, using information in this section to show the changes in length of the embryo
from 2 to 8 weeks, and the length and weight of the fetus from 8 to 40 weeks.

19. SIS Use your understanding of the menstrual cycle to explain why the menstrual cycle does not
continue during pregnancy and what the possible consequences would be if this were not the case.

20. Draw a descriptive timeline that includes: ovulation, ejaculation, sexual intercourse, the various stages
of the sperm’s travels through the female’s reproductive tract, and fertilisation.

Fully worked solutions and sample responses are available in your digital formats.
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5.6 Reproductive technologies and contraception

LEARNING INTENTION

At the end of this subtopic you will be able to describe a range of reproductive technologies including those used
to avoid conception (contraceptives) and those used to help couples conceive, as well as how and when genetic
testing can be performed.

FIGURE 5.73 Artificial insemination
For hundreds of years humans have tried to control when to
have their offspring and how many offspring to have. The
contraceptive industry has grown and changed dramatically over
the last 50 years with many new strategies available for couples
wishing to control their fertility and avoid pregnancy.

infertility the inability to have
children

assisted reproductive
technologies (ART) medical
procedures used primarily to
address infertility

In addition, many people experience difficulty conceiving or
continuing a pregnancy and having children. In fact, up to
20 per cent of Australians seek medical support to help them to
have a family. The causes of infertility are varied and complex;
some individuals do not produce gametes in their gonads, or
have a blockage preventing fertilisation; other couples have
difficulty conceiving due to genetic factors or may be at a high
risk of having a child with a genetic disease. All of these factors may lead couples
to seek medical support and access assisted reproductive technologies (ART).

5.6.1 Preventing pregnancies

contraception the prevention
of fertilisation of an egg or
prevention of a fertilised egg
becoming embedded in the
uterus wall

Conception involves the production of a zygote and its implantation into the wall
of the uterus. Techniques that prevent this happening are called contraception.

contraceptives devices
or substances that prevent
fertilisation of an egg or prevent
a fertilised egg becoming
embedded in the uterus wall

Contraceptives are the devices or substances used to prevent unplanned
pregnancies. There are two main types of contraceptives: those that prevent
fertilisation taking place and those that prevent the fertilised ovum from
implanting in the uterus.

Resourceseses
Resources

Video eLesson Methods of contraception (eles-0127)

FIGURE 5.74 Contraceptive methods — types and effectiveness
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Contraceptive devices vary in their efficacy, that is how effective they are. Some are expensive and long term,
perhaps even irreversible while others are cheaper and easy to reverse but perhaps less effective.

Least effective • Withdrawal method (coitus interruptus)
• Involves removal of the penis prior to ejaculation
• Not effective as some sperm are released before ejaculation

• Vaginal douche
• Flushing the vagina with a chemical that may damage sperm cells

Moderately effective • Spermicides
• Cream or jelly containing chemicals that kill sperm
• Introduced to the vagina before intercourse

• Rhythm method
• Abstaining from intercourse during the most fertile stages of the menstrual

cycle (around the time of ovulation)

Highly effective • Condom
• Made of thin, strong latex
• Male condom rolled onto erect penis just prior to intercourse
• Female condom inserted into vagina prior to intercourse
• Barrier to STIs
• Most effective if used with spermicide

• Diaphragm
• Thin rubber dome placed in vagina
• Prevents sperm from reaching the cervix
• Most effective if used with spermicide

• Hormonal medications
• Hormonal control used by women administered as a daily tablet, patch,

injection or implant just under the skin
• Prevents ova developing and prevents ovulation

• IUD device (coil)
• Intrauterine device
• Interferes with sperm movement and implantation
• Also often contains progesterone, a hormone that interferes with ovulation

• Morning after pill
• Emergency contraception
• Prevents implantation if taken within 72 hours of intercourse

Most effective • Abstinence
• No intercourse

• Vasectomy
• Cutting and sealing of the male’s vas deferens
• Sperm production continues; however, sperm are blocked and cannot be

ejaculated
• Tubal ligation

• Fallopian tubes are cut and sealed preventing fertilisation
• Irreversible
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SCIENCE AS A HUMAN ENDEAVOUR: HPV vaccines

FIGURE 5.75 Professor
Rachel Skinner

Contraceptives are more than just pregnancy prevention. It is important to
choose a contraceptive that protects against sexually transmitted infections
(STIs) as well as unwanted pregnancy. One of the most common STIs is human
papillomavirus (HPV); this is often identified as genital warts but can lead to a
wide range of life-threatening diseases.

Professor Rachel Skinner is a researcher in the area of child and adolescent
health at The University of Sydney Children’s Hospital Westmead. Professor
Skinner is known internationally for her investigations into the efficacy of HPV
vaccines, with a particular focus on school vaccination programs.

It is known that many cancers can result from a HPV infection:
• almost all cases of genital warts and cervical cancer
• 90% of anal cancers
• 65% of vaginal cancers
• 50% of vulvar cancers
• 35% of penile cancers.

FIGURE 5.76 Human papillomaviruses (HPV) cause
warts located mainly on the hands and feet. Some
strains infect the genitals and can cause cervical cancer.

In Australia, all boys and girls are vaccinated against two of the
most common types of HPV at the age of 12–13 years. This is
a free, three-dose vaccination program that aims to bring the
rate of cervical cancer and other HPV cancers to zero in the
vaccinated generation.

In addition, in 2017 a HPV screening test replaced the pap
smear program to identify high risk HPV infections in the
population with an aim to reducing the mortality rate by
20 per cent. The HPV screening test is a five-yearly screen of
the cervix to identify any presence of HPV.

Professor Skinner’s research has demonstrated how effective
Australia’s vaccination program has been in reducing the
spread of the virus, along with cervical screening programs.
The global research in this area shows that Australia has
one of the lowest rates of HPV-related cancers in the world
thanks to a rigorous vaccination program and HPV screening.
It is, however, critical that young people continue to protect
themselves from STIs using forms of contraception that form a
barrier to infection.
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5.6.2 Looking for new and improved contraceptive options

SCIENCE AS A HUMAN ENDEAVOUR: Reversible male contraceptive

Research is ongoing into new, more effective, easier and cheaper methods for humans to avoid pregnancy while
still having intercourse. Professor Paula Cohen’s Cornell University Lab in the United States is working on a
method of blocking sperm maturation in the testes. They are striving for a reversible male contraceptive option
and utilise the very latest gene manipulation technology to induce a short-term change to the genetics inside the
testes.

FIGURE 5.77 Cells in the testes where sperm
are continuously produced and released Look
carefully and you can see the tails of sperm in
the spaces inside the tubules indicating that
sperm are maturing.

FIGURE 5.78 The process of sperm
maturation from a small circular cell,
spermatogonia, to a mature sperm cell
with a fully formed head, midpiece and tail.
Blocking this process by changing the genetic
information within the cells could turn off the
sperm production process and lead to a new
male contraceptive for humans.

This means that Cohen’s group need toexplore the genetics of immature sperm cells, spermatogonia, and find
the most important parts that cause the sperm to mature in the testes. The genetics team at the College of
Veterinary Medicine hope to be able to change the genetic sequence in these immature cells and switch off
sperm production.

5.6.3 Infertility
FIGURE 5.79 Infertility can sometimes result from factors in
the male or in the female; it is, however, common for both
partners to contribute to infertility or for the exact cause to
be unknown.

Male factor

infertility

33.33%

Female factor

infertility

33.33%

Unknown

causes

33.33% 

Causes of infertility

Female factor infertility Unknown causesMale factor infertility

Causes of infertility can be diagnosed
by a medical doctor following a range of
investigations. About one third of cases of
infertility are identified as female factor
infertility associated with ova production, ova
quality, a blockage preventing the ovum being
fertilised or an endometrial factor. A third of
cases are identified as male factor infertility
resulting from gamete, sperm, production
quality or function and another third of cases
cannot be explained following the usual
investigations.
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FEMALE FERTILITY CAN BE

AFFECTED BY:

MALE FERTILITY CAN BE

AFFECTED BY:

A women’s age

Tubal disease or problems with

the fallopian tubes

Physical problems with

the testicles

Blockages in the ducts

that carry sperm

Hormone problems

A history of high fevers

of mumps

Genetic disorders

Lifestyle or enviromental

factors

Normal Low count Abnormal sperms

Ovulation disorders

Endometriosis

Polycystic ovarian syndrome

Fibroids

Salpingitis (pelvic inflammatory

disease) caused by sexually

transmitted disease

5.6.4 Treatment options
There are many different treatment options for couples who need infertility treatment. The most appropriate
treatment is chosen by their infertility specialist and may be a simple inexpensive treatment or require a long,
costly period of medical management. Unfortunately, despite many years of research and advances in this field
the success rates for a couple beginning fertility treatment are still low, with only 20–30 per cent of patient
cycles resulting in a baby.

Artificial insemination
The least invasive treatment for infertility is assisted or artificial insemination (or AI). This usually involves
monitoring ovulation to ensure follicles, containing an ovum, are developing correctly followed by injecting
a washed sperm sample into the uterus just before ovulation. Sperm can last for many days in the female
reproductive tract. Sometimes the female partner may be given medication to cause ovulation to happen.

Artificial insemination is a technique used in agriculture and animal breeding programs to control the timing and
parentage of offspring.

IVF

IVF (invitro fertilisation) the
fertilisation between eggs and
sperm and the culture of embryos
in the laboratory for fertility
treatment

In the 1970s, research into infertility resulted in the first successful fertilisation
of a human ovum outside of the body known as IVF (invitro fertilisation). The
first child born from this treatment was in 1978 in Cambridge, UK — the world’s
first test-tube baby. The birth was the result of a 20-year collaboration between
Dr Steptoe, a gynaecologist, and Robert Edwards, a biologist. Since then more
than three million births have resulted from IVF treatment. Steptoe developed a method of retrieving the ova
from the follicles in the ovaries of a patient and Edwards developed a method of fertilising ova in a laboratory
environment.
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FIGURE 5.80 Frozen egg technology
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Resourceseses
Resources

Video eLesson Invitro fertilisation (eles-2540)

Since the first IVF cycles in the 1970s and 1980s, treatment has changed significantly. Women are now treated
with hormones to encourage more than one follicle to develop allowing many ova to be collected, this is called
super-ovulation. Once the follicles reach the correct size a long needle is used to collect the ova from each
follicle, often resulting in ten ova in the laboratory instead of just one.

FIGURE 5.81 Egg collection procedure in an operating theatre is completed under a local or general anaesthetic
with a number of doctors, nurses and scientists (embryologists) present. Gametes are then prepared and
observed by an embryologist.

A sperm sample is collected from the male partner, checked for quality and motility, cleaned and concentrated
before mixing with the ova.
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FIGURE 5.82 A semen sample and prepared sperm ready for inseminating the ovum (right)

FIGURE 5.83 Sometimes fertilisation will not occur by mixing ova and sperm in a Petri dish. In these cases an
additional treatment may be required known as ICSI (intracytoplasmic sperm injection). In ICSI, a single sperm
is inspected on a high powered microscope (x400), collected using a fine glass needle, immobilised and then
injected into the centre of the ovum.

Once fertilisation has occurred the embryologists monitor the development of the embryos to select the one or
two embryos that are most likely to achieve a pregnancy, with any spare embryos being cryopreserved, frozen,
for the future.

FIGURE 5.84 The process of IVF from retrieval of gametes, insemination and fertilisation to embryo development
followed by an embryo being transferred back into the uterus.
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Cryopreservation

cryopreservation when
cryoprotectant chemicals and
cooling are used to safely freeze
biological material such as human
embryos

FIGURE 5.85 Embryologist thawing human embryos for a frozen
embryo replacement cycle. This type of cycle is much less costly or
invasive as the treatment does not require the collection of ova. The
female patient’s endometrium is prepared and thawed embryos are
transferred into the uterus ready for implantation.

It is common for there to be excess
gametes and embryos in an IVF
treatment cycle. Cryopreservation is
the freezing of gametes or embryos.
It is a delicate process that removes
water from the cells and replaces the
water with a special chemical called
cryoprotectant that does not form
damaging ice crystals and helps to
keep the cells intact during cooling.
Gametes and embryos are cooled in a
controlled manner in a freezing machine
or using specific devices that result in a
high level of cells surviving. Once the
gametes or embryos are frozen they can
be stored in liquid nitrogen for many
years without ageing. The gametes or
embryos can be warmed up at any stage
and used for treatment.

Patients choose to freeze their gametes or
embryos for later use or for donating to
another couple at a later date.

Gamete or embryo donation

sterile a person unable to
produce reproductive cells

recipient the person or couple
receiving embryos or gametes
from another person

Sometimes couples need to use a donor to achieve a family of their own. This may be due to one or both partners
having no gametes, they are sterile, or their gametes are poor quality and cannot produce a healthy embryo. In
these cases, couples can seek a gamete, (sperm or ovum) donor who will give them gametes to use in fertility
treatment. The couple receiving the gametes or embryos are known as recipients. The female recipient will
have an embryo transferred into her uterus and carry the pregnancy herself. The couple are the legal parents of
any children born although they may have different genetics to the children and are not biologically related. In
Australia, donors are not paid for their gametes or embryos; however, in other countries a gamete donor can be
paid significant amounts of money.

5.6.5 Genetic testing

preimplantation genetic
diagnosis PGD a procedure to
diagnose and exclude genetic
abnormalities in embryos before
implantation into the mother’s
body

In recent years we have gained a much greater understanding of inherited diseases
and how to identify these. Assisted reproduction can offer couples who have or carry
a genetic disease the opportunity to have their embryos tested and then only use
embryos that are identified as healthy; this is known as preimplantation genetic
diagnosis (PGD). The process involves producing embryos through IVF and then
testing embryos by removal of a small number of cells from the embryo. The embryo
is not usually harmed in the process and can continue to develop well while the
scientists analyse the cells they have taken to look for evidence of genetic disease.

preimplantation genetic
screening the screening of
embryos for genetic abnormalities
to improve pregnancy and live
birth rates

In addition, many couples are now choosing to have their embryos screened for
abnormalities in a treatment known as PGS, preimplantation genetic screening.
This treatment looks at all of the genetic material in the cells removed to identify any
abnormalities. PGS is used to improve a couple’s chances of pregnancy by eliminating
embryos that have errors in their genetics and are therefore less likely to implant or
may result in a miscarriage.
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FIGURE 5.86 A blastocyst can have a number of cells removed by an embryologist using a high powered
microscope and small micromanipulation tools. The nucleus of each cell is then analysed to identify if there is
a particular disease or error present in the genetic material.

There are also tests that can be conducted once a pregnancy is established to detect
abnormalities in the fetus. Most expectant mothers in Australia will have some
kind of investigation to confirm that their pregnancy is healthy.

amniocentesis the removal and
testing of fluid from the amniotic
sac surrounding the fetus

chorionic villus sampling a
procedure in which cells from the
developing placenta are removed
for testing at 10–12 weeks of
pregnancy, allowing certain
abnormalities to be detected

There are a number of different tests available for testing the pregnancy with
different levels of risk involved and some being more accurate than others.
Amniocentesis and chorionic villus sampling expose the fetus and pregnancy
to the most risk as they involve using a needle to take a sample from very close
to the fetus inside the mother; however, these tests provide the most accurate
information about the health of the fetus.

FIGURE 5.87 In chorionic villus sampling, cells from the
developing placenta are removed for testing at around
10–12 weeks of pregnancy.
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FIGURE 5.88 During amniocentesis, a fine
needle is inserted into the amniotic sac of
the fetus at around 14–16 weeks of the
pregnancy and a small amount of fluid is
drawn out to be tested.
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non-invasive prenatal testing
(NIPS) the testing of maternal
(mother’s) blood for signs of
chromosomal abnormality in the
fetus

Using ultrasound imaging is non-invasive and involves observing the fetus for signs of
abnormality, which is very safe but provides less information. In addition, a relatively
new method of screening the unborn child for abnormalities is using maternal blood
screening (non-invasive prenatal screening, or NIPS) which can indicate if there are
genetic abnormalities in the fetus by taking a sample of the mother’s blood.

FIGURE 5.89 Ultrasound involves the use of sound waves to produce
images of an unborn child inside the mother’s body.

FIGURE 5.90 Non-invasive prenatal testing is the most recent advance in testing the genetic health of a fetus. It
involves assessment of the mother’s blood to detect genetic abnormalities in the fetus.
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SCIENCE AS A HUMAN ENDEAVOUR: Clinical embryologist

FIGURE 5.91 Petra Wale, clinical
embryologist and research scientists.

Dr Petra Wale is a graduate of the University of Tasmania,
receiving a Bachelor of Science with Honours in Marine and
Antarctic Studies. Dr Wale started working in IVF laboratories
part-time while completing her Honours thesis in 1999 and has
worked in assisted reproduction ever since.

Science, skiing and travel

Dr Wale has travelled the world working as an embryologist
and presenting her research. One highlight was a move to
Denver, Colorado where she worked in one of the world’s most
successful IVF clinics with Professor David Gardner and was
able to explore the ski resorts in the nearby Rocky Mountains.
Petra says ‘science is a fantastic degree if you want to travel!’

Both Dr Wale and Professor Gardner returned to Australia and
worked together as Petra undertook postgraduate training
at the University of Melbourne. Petra has spent much of her
professional career investigating human embryos and has
always been focused on improving laboratory protocols that
will directly benefit fertility patients. With two small children of
her own, Petra is delighted to raise her family in Tasmania while
helping others create their own.

What does the future hold for IVF?
FIGURE 5.92 A time-lapse incubator, which
can provide scientists a view of embryos as
they develop without disturbing themDr Wale is particularly excited about the combination of artificial

intelligence and time-lapse microscopy technology as this will
help scientists improve their ability to predict the embryos that
will lead to pregnancy, therefore reducing the time it takes for a
couple to fall pregnant.

FIGURE 5.93 Images provided by a scientist’s time-lapse image
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A typical day in an IVF clinic for a reproductive scientist may include any of the following:
• Collecting eggs and sperm samples from patients then preparing

these for treatment in the laboratory
• Inseminating (fertilising) eggs with sperm
• Observing zygotes under the microscope to check for normal

fertilisation
• Monitoring embryo development by checking embryos under a

microscope multiple times or using a time-lapse incubator that
monitors embryos continuously

• Choosing embryos for transfer
• Cryopreserving any spare embryos for later use
• Meeting patients and discussing treatment
• Discussions with other members of the team regarding a patient’s

treatment, such as with medical doctors, nurses or counsellors
• Analysing data collected to develop greater insight into how we can

predict which embryos will be successful and which may not be

FIGURE 5.94 An image of a human
blastocyst taken on day 5 after
fertilisation with cells beginning to
hatch out of the zona pellucida, or
shell.

SCIENCE AS A HUMAN ENDEAVOUR: Preimplantation genetic diagnosis

FIGURE 5.95 Dr Leeanda Wilton
Dr Leeanda Wilton is a pioneer in the field of preimplantation
genetic diagnosis, paving the way for many of the technologies
that are currently available and emerging in the field of assisted
reproduction. Dr Wilton’s early work with mouse embryos involved
investigating how a cell could be taken without damaging the
embryo’s development.

Dr Wilton says:

‘My first post-doctoral job was in cell biology with the objective of
developing embryo biopsy techniques. Once that was achieved it
was a natural progression to move into genetics so that we could
test the biopsied cells for inherited disease.

Some families are affected by serious genetic diseases, many of
which have continued through generations. Testing early embryos for these diseases means that we have been
able to guarantee the birth of healthy babies and in some cases rid the family of the disease forever.’

Dr Wilton’s career has included many years of scientific research, as the Scientific Director of Preimplantation
Genetics at Melbourne IVF and now in a consultancy role offering advice on reproductive genetics.

What was your favourite subject at school?
FIGURE 5.96 Preimplantation
genetic diagnosis‘I always loved maths because I found it so satisfying to get the right

answer to a problem. In my more senior school years I found biology
fascinating. I just loved the elegance of physiological systems and
how they demonstrated the power of natural selection and evolution.’

How has PGD changed over the years?

‘I am astounded at how rapidly and widely preimplantation genetic
diagnosis (PGD) has been adopted around the world. This, along
with the dramatic improvements in genetic testing technologies,
means that hundreds of thousands of healthy babies have been born
because of PGD.’

What do you think the future holds?

‘The future looks very exciting. I think there will be a shift from just diagnosing genetic errors in embryos to
correcting those errors using advances like CRISPR. I hope I’m around to see it.’
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Resourceseses
Resources

eWorkbook IVF — discussing the issues (ewbk-4919)

5.6 Exercise  

Select your pathway

LEVEL 1:
Questions
1, 2, 3, 5, 9

LEVEL 2:
Questions
4, 6, 7, 8, 10, 12

LEVEL 3:
Questions
11, 13, 14

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand

1. Identify the most appropriate terms to complete the sentences.
a. ____________ involves the production of a zygote and its implantation into the wall of the uterus.
b. ____________ involves the use of techniques to prevent the production of a zygote or its implantation

into the wall of the uterus.
2. Match the contraceptives with how they work.

a. Condom A. Prevents sperm from being released

b. Diaphragm B. Prevents the egg from being released

c. Intrauterine device (IUD) C. Prevents the fertilised egg from implanting into the
uterus

d. Tubal ligation D. Prevents sperm released into the female from
reaching the egg

e. Vasectomy E. Prevents sperm from being released into female

3. Observe the following list of contraceptives and techniques. Place them in order of most effective to
lease effective.
Abstinence, Condom, Daily contraceptive pill, Intrauterine device (IUD), Rhythm method, Vasectomy,
Withdrawal method

4. Construct a table that has six columns, with headings for: the type of contraceptive, a summary of
how it works, who uses it (male or female), suggested advantages, suggested disadvantages, and a
prediction of how many pregnancies may occur if 100 sexually active, fertile couples were to use it.

5. Identify the most appropriate terms to complete the sentences.
a. ____________ describes the inability to conceive or carry a pregnancy to a live birth.
b. A common cause of infertility is the inability of either a male or female to produce ___________, which

means that the person is ____________.
6. Identify whether the statement is true or false.

Statement True or false
a. It is possible to freeze fertilised eggs so that they may be implanted at a later time.

b. Hormone injections can be used to increase the number of eggs released during
ovulation.

c. Test-tube babies develop in test tubes for the first eight weeks of their development.

(continued)
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(continued)

Statement True or false
d. A cell can be removed from the developing embryo to be tested for genetic

abnormalities.
e. Surrogacy can involve surgically removing eggs from one woman, fertilising them using

IVF techniques and then placing the fertilised eggs into a different woman’s uterus to
develop.  

f. The gender of a baby cannot be determined until it is born.

g. Ultrasound involves the use of UV waves to produce images of an unborn child inside
the mother’s body.

h. Using IVF, it is possible for ‘twins’ to be born years apart.

7. Match the terms with the definition and descriptions.

Term Definition Description

a. IVF A. intracytoplasmic sperm
injection

1. Cooling gametes and embryos so that they can be
used at a later date, perhaps months or years later

b. cryopreservation B. preimplantation genetic
diagnosis

2. Fertilisation of eggs with sperm in the laboratory
rather than inside the body

c. ICSI C. invitro fertilisation 3. Testing embryos for genetic disease prior to
transferring them into the uterus to help reduce the
chance of passing on a genetic disease

d. PGD D. egg, sperm and embryo
freezing

4. Injection of a sperm into an egg using a very fine
needle to increase the chance of fertilisation

Analyse and apply

8. Distinguish between:
a. artificial insemination and invitro fertilisation
b. ultrasound and amniocentesis.

9. Outline, in point form, the steps involved in IVF.
10. What are ‘test-tube’ babies? Is this an adequate name for them? Explain.

Investigate and create

11. Research and identify the risks linked to reproductive technologies.
12. SIS Produce a poster or infographic aimed at young adults to explain the advantages and

disadvantages of a range of available contraceptive options. Ensure your information is accurate,
eye-catching and clearly written. Include references and sources you have used.

13. SIS Use research to construct a report that compares the options for genetic and prenatal testing,
and ensure you explain the benefits and risks thoroughly.

14. SIS Find out about some of the research conducted by one of the scientists featured in this subtopic:
Dr Petra Wale, Dr Leeanda Wilton or Professor Rachel Skinner. What research have they conducted
and what were some of their findings?

Fully worked solutions and sample responses are available in your digital formats.
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5.7 Issues in reproduction

LEARNING INTENTION

At the end of this subtopic you will be able to explain how treatments such as gamete donation, surrogacy,
genetic testing and genetic manipulation pose issues to people and society.

Reproductive technologies have presented a range of issues over the last 50 years that people, society and
the law had not previously considered. People working in the field of reproduction (such as medical doctors,
scientists, counsellors, nurses and business managers) must consider new technology from a number of different
perspectives that may differ from their own.

5.7.1 Issues and ethics

ethical issues issues that
consider the moral implications,
fairness and equity involved in an
issue

The issues that are raised often fall into one of four categories: ethical, social, economic and legal.

Type of issue Explanation Consider, for example:

Ethical Is it right, does it consider
the rights of the person or
people involved. Is it unfair?

Until 2020, couples having IVF treatment in Victoria had
to have a police check before being allowed treatment.
No fertile couple needs a police check to conceive and no
other state or country has done this. Is it fair to do? Is it
ethical?

Social What are the impacts on
society?

Public funds being spent on assisted reproduction instead
of areas that affect all Australians could be considered a
societal issue. How much public funding should be given
to couples trying to conceive? What conditions should be
asked? Do you already have children, how much do you
earn? Do you smoke?

Legal What should the laws be
in relation to reproductive
technologies?

Legally the person giving birth to a child is the parent.
How does this affect those who cannot give birth to their
own child so ask someone else to have the pregnancy
(surrogacy)? When are ova, sperm and embryos allowed to
enter into Australia? Some countries do not keep records
in as much detail or have the laboratory processes we
expect so should Australian clinics allow movement of
eggs, sperm and embryos into their laboratories?

Economic What are the costs to the
state, the business or
Australia?

What is the cost of investing in research to further
reproductive technology? The research is slow and
expensive. What might be the benefits of developing
research and expertise in a scientific area?

5.7.2 Donating embryos and gametes
Many couples are unable to use their own gametes or embryos to conceive a child and need to become
recipients. In Australia there is a shortage of sperm, egg and embryo donors and therefore many couples waiting
to find a donor. A couple may find a donor from within their family and friendships or through advertisements in
newspapers or on the internet.

In March 2017, the laws changed in Victoria to allow all individuals born from
donor eggs, embryos or sperm to trace their genetic parents. Before this date,
some people who donated had their identity protected, therefore many of these
donors, largely sperm donors, were expecting that they would never be traced
by potential offspring.
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Is the thought of being contacted by unknown offspring likely to put some potential donors off? Is it likely that
some people would only donate gametes or embryos if the process was truly anonymous? Or is it important for
offspring to be able to contact and meet their biological parents?

In Australia, donors cannot donate to an unlimited number of couples, there is a limit of ten families that can
have children through a particular donor. Why do you think that is? What would be the risks of a Melbourne
man donating sperm to 100 different families locally?

5.7.3 Surrogacy

surrogacy a pregnancy that
occurs when the fertilised egg
is placed in the uterus of another
woman who did not produce
the egg

Some couples need to use the uterus of another woman to carry a pregnancy for them.
Their eggs and sperm, and embryos, may be of good quality but the uterus may not be
able to support a healthy pregnancy and therefore they need to find a surrogate mother
to have the baby for them. Surrogacy means that a woman carries a pregnancy for
someone else. The embryo is created in a laboratory, usually using the eggs and sperm
from the parents, but then the embryo is transferred into the uterus of the surrogate rather than the mother. The
surrogate will then carry the pregnancy for nine months before handing the baby to the biological parents shortly
after the birth.

Surrogacy was legalised in Victoria in 2008; however, different states within Australia have slightly different
regulations. Surrogates in Australia must be altruistic; that is, must not be paid for being a surrogate except for
any reasonable expenses, whereas in many countries a surrogate can earn a substantial amount of money as
a result of carrying someone else’s child. Legally the baby born is the child of the surrogate mother for a few
weeks after the birth until paperwork can be completed to make the biological parents the legal parents.

FIGURE 5.97 Surrogacy offers an opportunity for couples who cannot carry a pregnancy the chance of having
their own family. Some couples access surrogacy as the female partner does not have a uterus capable of
maintaining a pregnancy, other couples such as homosexual males need both an egg donor and a surrogate
before they can start a family.

DISCUSSION

There are many issues around surrogacy that need to be considered by medical professionals, potential
surrogates and the infertile couple.

• What should the surrogate eat or not eat during the pregnancy?
• What kind of birth will the surrogate have?
• How much contact will the surrogate have with the family after the baby is born?
• What if the surrogate wants to keep the baby?
• What if the commissioning couple separate during the pregnancy?
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5.7.4 Designer babies
Genetic testing of embryos for disease or an abnormality has been a possible reproductive treatment since the
1990s; however, what about selecting embryos based on other features? Selecting male or female embryos to
determine if you have a girl or boy is legal in Australia but only if you have a history of a genetic disease that
means sex selection is more than preference. For example, haemophilia is an example of a sex-linked genetic
disease that is much more common in boys, therefore is a common reason for couples carrying this disease
to choose to have only girl embryos transferred. What about if you already have three girls and want another
baby but only want a boy? Should that be allowed? In many countries this is fine and is referred to as family
balancing. What about choosing the embryos based on features other than gender?

FIGURE 5.98 Should parents have the right to select certain characteristics in their children?

Professor Julian Savulescu, an ethicist from Oxford University, argues that parents should be able to use genetic
testing combined with IVF to choose the genetic characteristics of their children. Currently it is possible to test
embryos created by IVF to find out which carry certain disease-causing genes. Embryos found to carry the genes
are not implanted. Professor Savulescu argues the technique should be further developed to allow parents to
select genes for anything ranging from hair colour to intelligence or sporting ability.

DISCUSSION

Which e mbryo w ould y ou c hose?

Gender

Embryo 1 Embryo 2 Embryo 3 Embryo 4 Embryo 5 Embryo 6

Eye colour Blue

Tall

Low

High

Brown

Short

High

Low

Blue

Medium

Brown

Medium

Brown Brown

Short

Low

Low

Medium

Medium

MediumMedium

High High

High

Height

Intelligence

Sport skill

Male Male MaleFemale Female Female

Imagine all of these embryos have been tested using preimplantation genetic diagnosis. You have been given
some information about the embryos and need to consider the following questions.

• Which embryos would you like to use first?
• What if you would like three children, which three would you choose first?
• What will you do with the other embryos?
• Do you think everyone in the class would choose the same?
• If everyone was allowed and able to choose the features of their children, do you think people would

all choose the same features?
• How would that change our society?
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5.7.5 Modifying embryos and gametes

FIGURE 5.99 Gene editing technology allows
scientists to change the genetics of a cell or whole
organism. Do you think that we should change the
genetic information in human embryos?

Taking a step further than choosing the embryos based
on what their characteristics are, we now have the
ability to change the genetic information inside a cell,
inside an embryo.

gene editing changing the
genetics of a cell or organism

CRISPR Cas9 a tool used for
gene editing

In fact, it has already been done. At the end of 2018
a Chinese scientist, He Jiankui, announced that he
had used a gene editing tool known as CRISPR Cas9
to change the genetics of human embryos, and the
children, with altered genetics, were born in 2019.
He Jiankui used genetic engineering techniques in
an attempt to protect the offspring from HIV (human
immunodeficiency disease).

The announcement caused outrage across the world
and in the scientific community as He Jiankui had
conducted experiments on human embryos breaking
both the law and the ethical codes that govern science and medicine. He Jiankui has
been jailed for three years and the children are being protected and monitored closely by
the Chinese government.

Although this news of editing human embryos has caused outrage, most scientists
believe it will be something that is utilised in the future to eliminate genetic disease and
perhaps even modify other features.

5.7 EXERCISE

Select your pathway 

LEVEL 1:
Questions
1, 2, 3, 7

LEVEL 2:
Questions
4, 5, 6

LEVEL 3:
Questions
8, 9, 10, 11

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand

1. Identify whether the statement is true or false.

Statement True or false
a. The treatment of some types of cancer can make women infertile or damage their

eggs.

b. Unfertilised eggs can be frozen and fertilised years later.

c. All thawed unfertilised eggs will result in pregnancies once fertilised.

d. Eggs are more difficult to freeze than semen or embryos because they contain more
water and ice crystals can form inside the egg.

e. Genetic testing combined with IVF provides the opportunity for parents to choose the
genetic characteristics of their children.  

68 Jacaranda Science Quest 8 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c05Reproduction_PrintPDF” — 2020/7/1 — 5:50 — page 69 — #69

2. MC Identify the technique that could be used to introduce sperm from the father into the surrogate
mother.
A Amniocentesis
B Artificial insemination
C Chorionic villi sampling
D Invitro fertilisation

3. MC Identify the technique that could be used to produce a fertilised egg that could then be
transferred into the surrogate mother.
A Amniocentesis
B Artificial insemination
C Chorionic villi sampling
D Invitro fertilisation

Analyse and apply 

4. Outline some situations where women may consider having their eggs frozen.
5. Explain what the chance is of producing a baby from a frozen egg. Why is the success rate so low?
6. Discuss whether there should be an age limit for IVF treatment. Should this age limit apply to the

mother only or to both parents? Justify your answer.
7. Think of some issues that may arise between a surrogate and a commissioning couple and describe

these.

Investigate and create

8. Create a PMI chart about the following statement: A woman should be allowed to use her dead
husband’s sperm to conceive a child.

9. SIS With a shortage of egg and sperm donors in Australia what do you think will be the advantages
and disadvantages of releasing donor details to their offspring? Produce a newspaper article reporting
on the change in legislation and possible impact on sperm and egg donors and recipients.

10. SIS In groups of four or more, discuss each issue statement in the table below.
a. Write a list of people’s ‘gut reactions’ or immediate responses to each statement.
b. Make a list of arguments for, and a list of arguments against, each statement.
c. Suggest what factors influenced your opinions on these issues.
d. Did the opinions differ between members of your group? Suggest reasons why.
e. Report your findings back to the class, or organise a debate.
f. Write a summary paragraph about the class’s overall response to each statement.

Technique Issue statement

Your opinion (Explain your
response with arguments
for and against the issue.)

Artificial
insemination

• Sperm should be used only from males with
a high IQ, brown eyes and red hair.

• All women should be artificially inseminated
with sperm selected by their parents.

IVF • The IVF program is too expensive and
should be abandoned.

• IVF technology should be used to build a
superior race.

Donor gametes;
surrogacy

• Donors and surrogates should be
anonymous and have no rights over the
offspring produced.

• Sperm should be collected from all males at
the age of 18 and only this is to be used for
fathering children.

(continued)

TOPIC 5 Systems – Reproduction 69

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c05Reproduction_PrintPDF” — 2020/7/1 — 5:50 — page 70 — #70

(continued)

Frozen embryos • These embryos should be available to
other couples if they are not used within six
months.

• These embryos should be developed so that
they provide a supply of blood and organs
for transplants.

Ultrasound;
amniocentesis

• These tests should be made compulsory for
all women. Any abnormalities should result in
immediate removal of the fetus.

• These techniques should be used to select
the gender of the child.

11. SIS Investigate the risks linked to reproductive technologies. Present your findings in a paragraph
or table with data that you have found to describe the risk. Why do you think patients still access the
treatment if there are risks involved?

Fully worked solutions and sample responses are available in your digital formats.

5.8 Stem cells
LEARNING INTENTION

At the end of this subtopic you will be able to explain where stem cells come from and describe some possible
uses of stem cells, as well as why there are some objections to their use.

5.8.1 What are stem cells?

stem cells undeveloped cells
found in blood and bone marrow

Have you heard or read about the issues regarding stem cells? What’s the stem of the trouble? What are stem
cells and why are people arguing about them?

totipotent the most powerful
stem cells that can give rise to all
cell types

Stem cells are unspecialised cells that can reproduce themselves indefinitely. They
have the ability to differentiate into many different and specialised cell types.
Stem cells in a fertilised egg or zygote are totipotent — they have the ability to
differentiate into any type of cell. The source of the stem cell determines the number
of different types of cells that it can differentiate into.

FIGURE 5.100 Stem cells can be divided into categories on the basis of their ability to produce different cell
types.

Stem cell

Totipotent Pluripotent Multipotent

Can give rise to

all cell types

Can give rise to

most cell types

Can give rise to only

certain cell types
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The ability to differentiate into specific cell types makes stem cells invaluable in the treatment and possible cure
of a variety of diseases. For example, they may be used to replace faulty, diseased or dead cells. The versatility
of stem cells is what makes them very important.

What are the sources of stem cells?

embryonic stem cells stem cells
derived from the inner cell mass
of a blastocyst. These cells are
pluripotent and can give rise to
most cell types

pluripotent stem cells that can
give rise to most cell types; e.g.
blood cells, skin cells and liver
cells

Embryonic stem cells can be obtained from the inner cell mass of a blastocyst. Blastocyst is the term used to
describe the mass of cells formed at an early stage (5–7 days) of an embryo’s development. Embryonic stem
cells are pluripotent and can give rise to most cell types; for example, blood cells, skin cells, nerve cells and
liver cells.

FIGURE 5.101 Stem cells can be described in terms of their source.

Stem cell

Embryonic

stem cells

Somatic

stem cells

From blastocyst

(embryo)
Adult stem cells

Umbilical cord

stem cells

From bone marrow From umbilical cord

somatic stem cells derived
from bone marrow, skin and
umbilical cord blood. These cells
are multipotent and can give rise
to only certain types of cells

adult stem cells undeveloped
cells found in blood and bone
marrow

multipotent stem cells that can
give rise to only certain cell types;
e.g. various types of blood or skin
cells

Somatic stem cells can be obtained from bone marrow and umbilical cord blood. Stem cells obtained from the
bone marrow are often referred to as adult stem cells. These cells are multipotent and can develop into many
kinds of blood cells.

FIGURE 5.102 Stem cells are categorised based on how
flexible they are and the number of tissue types they can
become. During the early stages of embryo development,
the cells are identical and can become any cell type, known
as totipotent. After the blastocyst stage the cells are less
flexible and are considered pluripotent. Adult stem cells,
or somatic stem cells, can come from children and adults.
They are not derived from embryos but from tissues that
contain stem cells such as bone marrow, blood or the
umbilical cord after a pregnancy.

White blood cellsRed blood cells Platelets

Bone marrow stem cells
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FIGURE 5.102 (continued) Stem cells are categorised based on how flexible they are and the number of tissue
types they can become. During the early stages of embryo development, the cells are identical and can become
any cell type, known as totipotent. After the blastocyst stage the cells are less flexible and are considered
pluripotent. Adult stem cells, or somatic stem cells, can come from children and adults. They are not derived
from embryos but from tissues that contain stem cells such as bone marrow, blood or the umbilical cord after a
pregnancy.
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FIGURE 5.103 There are many diseases that stem cells could offer a solution to. Some examples of these include
macular degeneration (loss of sight), spinal cord injury, stroke, burns, heart disease, diabetes, osteoarthritis and
rheumatoid arthritis. Stem cells could potentially be programmed to differentiate into tissues that can treat these
diseases.

Stem cell
Brain

Neuron

EnterocytesIntestines

Liver

Heart

Bone

Hepatocytes

Cardiac cells

Osteocyte

5.8.2 Sources of stem cells

FIGURE 5.104 Scanning
electron micrograph of
embryonic stem cells

Stem cells can be derived from a person’s own body, but not all stem cells
can be programmed effectively yet. Many people store the umbilical cord
once a child has been born as this is a good source of stem cells for the future;
however umbilical cord stem cells are multipotent therefore can only be used
to generate a small number of tissue types. In the future; however, it may be
possible to redirect these multipotent cells into becoming more flexible and so
offering more uses in medical treatment.

Embryonic stem cells, particularly stem cells from the early embryo, are
the most flexible type of stem cell and therefore the most useful in stem cell
therapy. However, human embryos are not readily available and research and
therapies utilising human embryos are very strict. This has driven research
into how we might be able to utilise other types of stem cells in treatment.

Some parents have decided to have another child for the sole purpose of being
able to provide stem cells for a child who is ill or has a disease. In this case,
the blood from the umbilical cord or placenta is used as the source. Some
suggest that this is not the ‘right’ reason to have a child and that children
should not be considered a ‘factory’ for spare parts for their siblings.
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SCIENCE AS A HUMAN ENDEAVOUR: Professor Alan Trounson

FIGURE 5.105 Alan Trounson, an
Australian scientist who is one of the
world’s top stem cell researchers

Professor Alan Trounson is an Australian scientist who has spent a
great part of his working life perfecting the technique for creating
embryos outside the human body. He was part of the team that
produced the first test-tube baby in Australia in 1980. He has also
done a lot of work on embryonic stem cells. In 2000, his team
showed that it was possible to produce nerve cells from embryonic
stem cells.

He was recently appointed as the president of a Californian
institute that specialises in stem cell research. It is the best-funded
facility of its kind in the world, so Trounson will have the best
technologies at his disposal to move stem cell research forwards.

SCIENCE AS A HUMAN ENDEAVOUR: The axolotl
FIGURE 5.106 The axoliti can regenerate
limbs and heal itself.The axolotl, Ambystoma mexicanum, is an amphibian that is

famous for its ability to regenerate limbs in a similar way to the
starfish seen in section 5.2.6, however, not as a mechanism
for reproduction but to regenerate and heal itself following an
injury. It is thought they are able to turn specialised cells back
into stem cells so that full limbs and organs can be reformed
as it was during its early stages of embryonic development.
The axolotl is known to regenerate its heart, testes, brain and
bones.

Groups such as the Australian Regenerative Medicine
Group, based at Monash University in Melbourne, think that
researching the mechanisms for regeneration in the salamanders may provide some insights into how the healing
process in mammals, including humans, could be redirected into regeneration of tissues in the future.

5.8.3 Issues with stem cells
The use and manipulation of human embryos is the main source of concern regarding stem cell research. Many
people believe that embryos must be protected as they have the potential to become a new life. Many people are
concerned about how the embryos are handled and consider the use of embryonic cells unethical as embryos are
dismantled in the process.

DISCUSSION

Try to consider some of the reproductive technologies outlined in this topic from the perspectives of groups of
people who are different to you, such as:

• those from different religions
• pro-life groups who consider that life begins at fertilisation
• people over the age of 70 years
• people who are have very different levels of wealth, much richer or poorer
• people with a genetic disease in their family
• people who live in countries where access is blocked by law
• people whose religion does not allow certain treatments
• people who are not educated and do not have access to information about these treatments.
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5.8 EXERCISES

Select your pathway 

LEVEL 1:
Questions
1, 2, 3, 5

LEVEL 2:
Questions
4, 6, 8

LEVEL 3:
Questions
7, 8, 9

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand

1. Identify the missing words to complete the sentences.
a. Stem cells are ___________ cells that can ___________ themselves indefinitely and have

the ___________ to differentiate into many different and ___________ cell types.
b. The ___________ of the stem cell determines the ___________ of different types of cells that it can

differentiate into.
c. Stem cells can be ___________ into categories on the basis of their ___________ to

produce ___________ cell types.
2. What are stem cells?
3. Match the terms with the correct definition

Term Definition
a. Totipotent A. Can develop into any type of cell, originates from an early embryo

b. Pluripotent B. Can develop into many kinds of cells, obtained from the inner cell mass of a blastocyst
embryo (later stage)

c. Multipotent C. Can develop into a few different types of cells, derived from somatic cells in an adult or
child, not from an embryo

4. List sources of stem cells.
5. Identify whether the statement is true or false.

Statement True or false
a. The ability to differentiate into specific cell types makes stem cells valuable in the

treatment and possible cure of a variety of diseases.

b. Bone marrow stem cells can develop into red blood cells, white blood cells, platelets
and nerve cells.

c. In the process of obtaining stem cells from blastocysts, the embryo is destroyed.

d. The source of embryonic stem cells has raised many issues.

Analyse and apply

6. Explain two issues regarding stem cell research.
7. Describe a scientific contribution made by the Australian scientist Professor Alan Trounson.
8. SIS Investigate some of the following questions.

a. Which inherited genetic diseases are potentially treatable with stem cells?
b. How many different kinds of adult stem cells exist and in which tissues can they be found?
c. Why have adult stem cells remained undifferentiated?
d. What are the factors that stimulate adult stem cells to move to sites of injury or damage?

9. Investigate how stem cell research is regulated in Australia and in one other country. What are the
similarities and differences of the regulations? Discuss the implications of this with your team mates.

Fully worked solutions and sample responses are available in your digital formats.
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5.9 Thinking tools — Storyboards and Gantt charts
5.9.1 Tell me

What is a storyboard?

Outline of

scene 1

Storyboard

Outline of

scene 2

Outline of

scene 3

Outline of

scene 4

Outline of

scene 5

Outline of

scene 6

A B C

D E F

A storyboard is a very useful thinking tool that allows you to
use both your imagination and organisational skills to capture
and share your thoughts and ideas. Using storyboards, you
can identify the main scenes in a story or event. They are
sometimes called a comic strip.

Why use a storyboard over a Gantt chart?
Similar to storyboards, Gantt charts show a sequence or
time frame. Storyboards, however, use sketches or diagrams,
whereas Gantt charts use tables, as shown.

5.9.2 Show me
To create a storyboard:

1. Decide how many scenes you need in
your story. Often, 6–8 is a good number.
Divide your page into this number of
equal sections.

2. Consider which will be the three main
events in your story and draw them
roughly in the first, middle and last
sections of your page.

3. Brainstorm the scenes that come
between these. Select the most
appropriate and add them as
intermediate scenes.

4. Mentally stand back and examine your
story outline; make any desired changes
to enhance its dramatic impact.

Action

1

2

3

4

5

6

8

7

Sunday

Gantt chart

Action Monday Tuesday Wednesday Thursday Friday Saturday

5.9.3 Let me do it

5.9 ACTIVITIES

1. Construct storyboards for the following:
a. how you have changed between birth and ages two, four, six, eight and ten, and your current age
b. the ‘life of a sperm’ or the ‘life of an egg’
c. how you could tell a Year 3 primary student ‘the facts of life’.

2. Read through the information in the ‘Week by week’ article in Worksheet Week by week article.
a. Mind map what you consider to be the key points.
b. Construct storyboards to show:

i. the changes experienced by the mother
ii. the baby’s development.

c. Construct a Gantt chart to sequence your key points.
3. Use storyboards, cartoons or timelines to summarise how plants reproduce.
4. Construct a Gantt chart or storyboard that includes seed dispersal, pollination, fertilisation, germination

and development into a seedling.
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Resourceseses
Resources

eWorkbook Week by week article (ewbk-####)

5.10 Review

Access your topic review eWorkbooks

Topic review
Level 1
ewbk-4884

Topic review
Level 2
ewbk-4886

Topic review
Level 3
ewbk-4888

Resources

5.10.1 Summary
• Organisms must reproduce for the species to survive beyond a single generation.
• Parent organisms reproduce and pass their genetic information to the next generation.
• Once the offspring reach reproductive maturity they reproduce, and the generations continue.
• Life cycles vary from one organism to the next with some having long life cycles and others having short

life cycles.
• Species that do not continue to reproduce become extinct.

Sexual reproduction 
• Sexual reproduction combines a male and female gamete, reproductive cell, and combines the genetic

information of both parents in the offspring.
• Animals usually reproduce sexually with the male’s egg fertilising the female’s ova.
• Fertilisation can occur internally, following mating, or externally, when both gametes are released into the

environment.
• Each species has its own strategies for increasing the likelihood of successful reproduction.

Sexual reproduction in flowering plants
• Flowering plants, angiosperms, reproduce sexually just as animals do.
• The equivalent cell to the sperm is the pollen that travels to fertilise the ova, or ovule in plants.
• Flowers have both pollen and ovules in the same flower so could pollinate themselves or pollinate the

flowers on other plants.
• The seed is the beginnings of a new plant and is often found inside a fruit.
• Pollen and seeds can be dispersed by animals or the environment, such as by wind over a wide area.
• Seeds can remain dormant for long periods of time waiting for the correct conditions before they start to

grow into a new plant (germinate).

Multiplying by dividing 
• Many organisms reproduce asexually instead of sexually, or sometimes they do both, such as the jellyfish
Aurelia aurita.

• Asexual reproduction results in offspring that are very similar or identical to the parent organism (clones).
• The offspring can result from a single adult dividing into two or four offspring, binary fission.
• The offspring can bud off from the parent organism (budding), emerge from runners, cuttings or bulbs

(vegetative propagation) or from part of the adult organism (regeneration).
• Sometimes offspring can come from an ova that has been activated without a sperm resulting in a female

clone, parthenogenesis.

TOPIC 5 Systems – Reproduction 77

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c05Reproduction_PrintPDF” — 2020/7/1 — 5:50 — page 78 — #78

Human reproduction 
• Human reproduction is a complex process that requires delivery of the sperm cells to the fallopian tubes

soon after a mature ovum is released from the follicle into the fallopian tubes (ovulation).
• The male testes produce millions of sperm each day and sperm production continues throughout life,

whereas in females no more ova are produced after birth.
• The female menstrual cycle is coordinated by a series of hormones and begins with a menstrual bleed,

followed by ovulation and preparation of the uterus for an embryo.
• If fertilisation occurs an embryo will develop and implant into the endometrium (uterus) about a week later.
• Human gestation is 38–40 weeks or nine months after which labour begins and a child is born.

Reproductive technologies and contraception 
• Humans manipulate their fertility in many different ways with most couples using some kind of

contraception at some time in their life to avoid an unwanted pregnancy.
• Contraception is an important strategy for avoiding some STIs such as human papillomavirus, which can

have life-threatening consequences.
• Many couples need to access assisted reproductive technologies to achieve a pregnancy, such as IVF

treatment.
• In addition, genetic testing can be used to detect genetic abnormalities or increase a couple’s chance of

pregnancy.

Issues of reproduction 
• Many different perspectives must be considered regarding research on and use of eggs, sperm and embryos.
• Treatment can be expensive and is often emotionally and physically difficult.
• Aspects of assisted reproduction are acceptable to some people but are not acceptable to others depending

on the values and beliefs of the people involved.
• The laws in each state or country are designed to protect patients from harm, protect the embryos and

ensure treatments are only available once they have been shown to be safe.

Stem cells
• Stem cells are cells that have not differentiated (do not have a specific job or structure yet).
• Stem cells can be directed into becoming different types of cells with some types of stem cells able to

become any other cell type and some types of stem cells more restricted.
• Embryonic stem cells are the most useful but can only be obtained from human embryos that are not

readily available and are protected by many regulations.
• Many people object to using human embryos for research or medical treatment as they believe the embryo

is a life, or potential life, that should not be used as a medicine.

5.10.2 Key terms 

hermaphrodite an organism that has both male and female reproductive organs
amniocentesis the removal and testing of fluid from the amniotic sac surrounding the fetus
anther the male part of a flower that makes pollen
radicle the beginnings of a root making up part of a plant embryo inside a seed
angiosperms plants that have flowers and produce seeds enclosed within a carpel
asexual reproduction reproduction that does not involve sex half-cells
assisted reproductive technologies (ART) medical procedures used primarily to address infertility
fetus the unborn young of an animal that has developed a distinct head, arms and legs
adult stem cells undeveloped cells found in blood and bone marrow
breech a birth in which the baby is born feet first
budding the formation of a new organism from an outgrowth (bud) of the parent
binary fission reproduction by the division of an organism (usually a single cell) into two new organisms
blastocyst an embryo with a fluid-filled cavity that is beginning to differentiate, five or six days after fertilisation
caesarean an operation to remove a baby by cutting the mother’s abdomen
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cross-pollination the transfer of pollen from stamens of one flower to the stigma of a flower of another plant of
the same species
cotyledons special leaves of the embryo plant inside a seed that provide food for the developing seedling
contraception the prevention of fertilisation of an egg or prevention of a fertilised egg becoming embedded in
the uterus wall
chorionic villus sampling a procedure in which cells from the developing placenta are removed for testing at
10–12 weeks of pregnancy, allowing certain abnormalities to be detected
contraceptives devices or substances that prevent fertilisation of an egg or prevent a fertilised egg becoming
embedded in the uterus wall
conception the successful embedding of a fertilised egg in the uterus wall
clone an identical copy
cloning the process used to produce genetically identical organisms
CRISPR Cas9 a tool used for gene editing
cryopreservation when cryoprotectant chemicals and cooling are used to safely freeze biological material such
as human embryos
disperse the scattering of the seeds from plants
diverse a variety of different features within a population or different organisms in an ecosystem
differentiation when cells become different to each other and start to become specialised
diploid a full set of genetic material found in typical body cells
embryo a group of cells formed from the zygote, and is developing into different body organs
endosperm the food supply for the embryo plant in a seed
extinction the state or process of being or becoming extinct
egg the female reproductive cell in animals and plants; an ovum
external fertilisation reproduction occurs when the eggs are released by the female into water and fertilised by
sperm released nearby
ethical issues issues that consider the moral implications, fairness and equity involved in an issue
embryonic stem cells stem cells derived from the inner cell mass of a blastocyst. These cells are pluripotent and
can give rise to most cell types
fraternal twins twins developed from different fertilised eggs
fruit a ripened ovary of a flower, enclosing seeds
flowers the reproductive part of angiosperms containing petals, stamens and carpels. They are often colourful to
attract pollinating insects
fertilisation when there is penetration of the ovum by a sperm
gametes (reproductive cells) reproductive cells (sperm or ova) containing half the genetic information of normal
cells
generation refers to all offspring at the same stage of development
genetic screening is the study of a person’s DNA in order to identify genetic differences or susceptibility to
particular diseases or abnormalities
gene editing changing the genetics of a cell or organism
germination the first sign of growth from the seed of a plant
gonads reproductive organs where gametes are produced; the testes and ovaries
gestation the time spent by offspring developing in the uterus
haploid half the genetic material of typical body cells
hermaphrodites organism that has both male and female reproductive organs
internal fertilisation reproduction occurs when the egg remains in the female and is fertilised by sperm inserted
into the female
implantation the process whereby the embryo becomes embedded in the wall of the uterus
IVF (invitro fertilisation) the fertilisation between eggs and sperm and the culture of embryos in the laboratory
for fertility treatment
infertility the inability to have children
identical twins twins developed from the same fertilised egg
insect-pollinated flowers flowers that receive pollen carried on the body parts of insects from other flowers
life cycle the cycle of one organism’s life from birth through reproductive age to death; may include distinct
stages and forms
labour one of the stages of childbirth
mitochondrial DNA (mtDNA) genetic material from the mitochondria, passed on only from the mother
menstrual cycle beginning of one period to the beginning of the next period
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menstruation the monthly bleeding, sometimes called ‘periods’. It occurs as the lining of the uterus is released
multipotent stem cells that can give rise to only certain cell types; e.g. various types of blood or skin cells
multiple fission a reproduction method where a single-celled organism divides into more than two cells
mitochondria small rod-shaped organelles that supply energy to other parts of the cell. They are usually too
small to be seen with light microscopes. Singular = mitochondrion
nectaries parts of a flower, at the base of the petals, that secrete nectar
non-invasive prenatal testing (NIPS) the testing of maternal (mother’s) blood for signs of chromosomal
abnormality in the fetus
organisms living things
ova female gametes or sex cells. Singular = ovum
ovule the receptacle within an ovary that contains egg cells
offspring the young born of a living organism
ovaries female gonads, one ovum matures and is released on a monthly basis from one of the two ovaries
ovulation the release of an ovum from a mature follicle in the ovary into the fallopian tube
pheromones chemicals that are important in communication between members of the opposite sex
premature a baby born less than 37 weeks after conception
petals the coloured parts of a flower that attract insects
plumule a small bud at the tip of the embryo plant in a seed
pollen the fine powder containing the pollen grains (the male sex cells of a plant)
pollen grains the male gametes of a flower
pollen tube a long tube growing from a pollen grain through the style to the ovule
pollination the transfer of pollen from the stamen (the male part) of a flower to the stigma (the female part) of a
flower
parthenogenesis the development of new individuals from unfertilised eggs
puberty the life stage when the sex glands become active and bodily changes occur to enable reproduction
preimplantation genetic screening the screening of embryos for genetic abnormalities to improve pregnancy
and live birth rates
pluripotent stem cells that can give rise to most cell types; e.g. blood cells, skin cells and liver cells
preimplantation genetic diagnosis PGD a procedure to diagnose and exclude genetic abnormalities in embryos
before implantation into the mother’s body
recipient the person or couple receiving embryos or gametes from another person
reproductive maturity the age at which an organism can reproduce
seed a product of a fertilised ovule
seedling a young plant produced from the embryo in the seed after germination
seed coat the protective layer around a seed
sexual intercourse the act of inserting sperm into the female; also called copulation or mating
self-pollination the transfer of pollen from the flower’s own stamen to its stigma
sterile a person unable to produce reproductive cells
stigma the female part of a flower, at the top of the carpel, that catches the pollen during pollination
sperm the male reproductive cell. It consists of a head, a middle section and a tail used to swim towards the egg
semen a combination of fluid and sperm
style the supporting part of a flower that holds the stigma
survival is the ability to continue life, species survival depends on reproductive success
surrogacy a pregnancy that occurs when the fertilised egg is placed in the uterus of another woman who did not
produce the egg
stem cells undeveloped cells found in blood and bone marrow
somatic stem cells derived from bone marrow, skin and umbilical cord blood. These cells are multipotent and
can give rise to only certain types of cells
spores reproductive cells capable of developing into a new individual without fusion with another reproductive
cell
placenta an organ formed in the mother’s womb through which the baby receives food and oxygen from the
mother’s blood and the baby’s wastes are removed
target cell a specific cell on which a hormone can cause a response
testes organs that produce sperm and sex hormones
totipotent the most powerful stem cells that can give rise to all cell types
uterus the site of embryo implantation, and supports the developing fetus from implantation to birth. About the
size of a pear if not pregnant
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vegetative propagation the reproduction of plants using parts other than sex cells
virgin births births that do not involve the joining of eggs and sperm
wind-pollinated flowers flowers that receive pollen carried by the wind from another flower
zona pellucida surrounds the ovum and embryo for the first week of development
zygote a cell formed by the fusion of two gametes; fertilised ovum before it starts to divide into more cells

Resourceseses
Resources

Digital document Key terms glossary (doc-34942)

eWorkbooks Literacy builder (ewbk-4878)
Crossword (ewbk-4880)
Word search (ewbk-4882)
Study checklist (ewbk-4877)

eLogbook Practical investigation logbook (elog-#####)

5.10 Exercise

Select your pathway 

LEVEL 1:
Questions
1–12

LEVEL 2:
Questions
13–20

LEVEL 3:
Questions
21–31

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Remember and understand

1. Identify whether the statement is true or false.

Statement True or false
a. Pollination in plants is the equivalent of fertilisation in animals.

b. Gametes are reproductive sex cells.

c. Binary fission in prokaryotes involves mitosis.

d. Sperm production in humans is controlled by hormones.

2. Match the term with its most appropriate description.

Term Description

a. Sperm A. Female gamete

b. Ova B. Male gamete(s) in animals

c. Ovum C. Female gametes

d. Pollen grain D. Male gamete in plants
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3. Match the term with the best matching description.

Term Function
a. Pollination A. Fusion of male and female gametes

b. Ejaculation B. Process in which the embryo completely embeds itself in the uterus lining

c. Germination C. Release of semen from the male’s penis

d. Fertilisation D. Way in which the pollen grains reach the stigma of a plant

e. Implantation E. When the seed bursts open and a new plant grows old

4. Match the part of the flower to its function.

Part of flower Function
a. Style A. Produces pollen

b. Ovule B. Supports the anther

c. Stigma C. Contains ovule and becomes the fruit

d. Anther D. When pollen lands here, pollination has occurred

e. Ovary E. Site of fertilisation of egg cell

f. Filament F. Supports the stigma and is the structure through which the pollen tube grows

5. Identify the parts labelled A–T in the diagrams below. Write one function of at least two parts in each
diagram.

A

B

C

D

E

F

G

H

A

B

C

D

I

E

F

G

H
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6. Design a calendar of the menstrual cycle and then outline the events that occur at each stage on your
calendar.

7. Unscramble the following types of asexual reproduction.
a. taevvegeti gatponproai
b. gatienreoner
c. narybi sfionis
d. sheneipartognes

8. Summarise the disadvantages and advantages of sexual and asexual reproduction.
9. Invent, design and make your own creature. Describe its courting and mating behaviour, and give

details about the way it reproduces.
10. A paramecium is a single-celled organism that reproduces asexually.

a. Make a list of the advantages and disadvantages of reproducing this way.
b. Compare your list with that of your team. Discuss any differences.
c. Find out more about paramecia and, as a team, write and perform a paramecium puppet play about

their lives.
11. Match the contraceptives below with the way they prevent conception and their effectiveness.

Contraceptive How it prevents conception Effectiveness

a. Condom with spermicide A. Prevents ova from developing 1. Extremely effective

b. Diaphragm without spermicide B. The fallopian tubes or vas
deferens are cut and sealed

2. Unreliable

c. Daily contraceptive pill C. Keeps sperm and semen from
entering the woman’s vagina after
ejaculation

3. Highly effective

d. Surgical: vasectomy and tubal
ligation

D. Removal of male’s penis from the
vagina before ejaculation

4. Highly effective

e. Coitus interruptus E. Prevents sperm cells from
reaching the cervix

5. Moderately effective
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12. Label the parts A–G in the diagram below.

A

B

C

D

E

F

G

Analyse and apply

13. Construct a working model that simulates some aspect of this topic.
14. It has been said that we are currently in the midst of a biotechnological revolution with new

technologies offering us many more reproductive options. Is this true for all parts of the world? Hold
a discussion about the global impact of reproductive technologies.

15. Construct a table naming the organs of the human male and female reproductive systems. For each
organ, describe its structure and function.

J

H

G

AF

I

E

D

B

C

16. Suggest how scientific knowledge about the life cycles of plants and animals can be used to develop
regulations about importation of foodstuffs into Australia. Suggest reasons for these regulations.

17. Suggest how knowledge of the life cycle of a particular plant or animal may influence the practices of
an agriculturalist.

18. On the basis of what you have learned in this section of your studies, suggest responses to the
following questions.
a. How can there be weeds in the garden if I didn’t plant them there?
b. Why don’t twins always look the same?
c. Why doesn’t a caged bird lay eggs that can hatch into baby birds?
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19. Write down in your workbook which letter in the following diagram corresponds to each of these
terms: ovules, sepals, filament, style, stigma, ovary, anther, petals, stamen, carpel.

20. SIS Describe an issue related to the following types of technology that matches the category
provided in the table.

Technology Type of issue Example

Surrogacy Ethical issue

Genetic testing of embryos Social issue

Genetic manipulation of embryos Legal issue

IVF Ethical issue

Investigate and create

17. Produce a job advertisement for a scientist who works in assisted reproduction or a related field, such
as one of the scientists featured in this topic. Ensure you include the title of the job, the place of work
(e.g. a hospital, university or elsewhere), what duties are performed in the role, holiday entitlement and
likely pay-scale.

18. Charlotte wanted to find out if temperature affects the growth of plants. She bought four seedlings.
She put one seedling in the fridge and one in her garage (which has no windows so is dark and cooler
than her house). She put the third seedling on the windowsill (in full sun) and the fourth seedling on
her desk (out of the sun but in daylight). Charlotte measured the height of each seedling every day for
ten days. Her results are shown in the table.
a. Write an aim for Charlotte’s experiment.
b. Suggest three improvements to Charlotte’s experiment.
c. Graph Charlotte’s results.
d. Write a conclusion for this experiment.

Heights (cm) of seedlings

Position Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

Fridge 5.0 5.5 6.0 6.2 6.6 7.0 7.3 7.5 7.7 8.0

Garage 5.0 5.6 6.2 6.6 7.0 7.3 7.6 7.9 8.4 8.8

Windowsill 5.0 6.0 6.7 7.5 8.0 8.5 9.0 9.6 10.2 10.6

Desk 5.0 5.8 6.3 7.0 7.5 8.0 8.5 9.1 9.6 10.0

Complete the following activities to produce a learning and thinking journal for this chapter.
19. Draw a diagram of an insect-pollinated flower

and use descriptive labels to show what each
part does.

20. a. Use a table to show differences between the
sizes, shapes and structures of a fly during
each stage of its life cycle.

b. Construct a graph to show the differences in
length during the adult, egg, larval and pupal
stages of the life cycle.

c. Suggest possible survival advantages for the
differences throughout the life cycle.

Adult
• Length: 6–7 mm
• Wingspan: 13–15 mm

Eggs
•Length: 1 mm
• 600–900 produced
  by each female

Larva
• Length: 10–11 mm when
   fully grown

Pupa
• Length: 5–6 mm
• Barrel-shaped, with  
  protective outer coating
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21. Construct a concept map like the one below to summarise what you know about reproduction.

Topic

Main idea

Main idea

Main idea

First-level idea

First-level idea

First-level idea

First-level idea

Second-level ideaSecond-level idea

Second-level idea Second-level idea

Second-level idea

Third-level idea

Link

Link

Link

LinkLinkLink

Link

Link
LinkLink

Link Link

Link

Link

Link
Link Link

First-level idea

22. Increased knowledge and understanding of reproductive processes have led to the development
of new reproductive technologies. Construct a PMI chart for issues associated with one of these
technologies.

23. Use a flowchart to show an example of a life cycle of a flowering plant. Include pollination, fertilisation,
development, seed dispersal and germination.

First event Next event Next event Last eventNext event

24. Use the figure below to help you construct a summary of the differences between sexual and asexual
reproduction. What other features can you add?

involves involves

results in results in

type of type of

ReproductionSexual Asexual

Fusion of gametes Binary fission

Identical offspringVariation in offspring
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25. Use a tree map to show two sides of a discussion about plant reproduction and animal reproduction.

Feature Feature Feature FeatureFeature Feature

Topic

Concept

Element Element

Concept

Element Element

Feature Feature

26. Make up (and perform) a song or poem to summarise something
that you have learned in this topic.

27. Label the parts of the plant in the diagram using the following
terms: stigma, male gamete, pollen grain, pollen tube, stamen,
ovary, ovule.

A

D

E

F

G

B

C

Fully worked solutions and sample responses are available in your digital formats.

Resourceseses
Resources

eWorkbook Reflection (ewbk-3038)

TEST MAKER

Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY Resources

Below is a full list of rich resources available online for this this topic. These resources are designed to bring ideas to
life, to promote deep and lasting learning and to support the different learning needs of each individual.

5.1 Overview
Video eLesson
• Live human sperm (spermatozoa motion) under

microscope (eles-2544)

eWorkbooks
• Topic 5 eWorkbook (ewbk-4872)
• Topic 5 Student learning matrix (ewbk-4874)
• Topic 5 Starter activity (ewbk-4875)

Practical investigation eLogbook
• Topic 5 Practical investigation eLogbook (elog-0578)

• Access and answer an online Pre-test and receive
immediate corrective feedback and fully worked
solutions for all questions.

5.2 Asexual reproduction

Video eLesson
• Binary fission (eles-2306)

eWorkbook
• Asexual reproduction (ewbk-4902)
• Volume (int-3791)

• Additional automatically marked question

5.3 Sexual reproduction in flowering plants
Video eLesson
• Growing plants in Australia (eles-0055)

eWorkbooks
• Science battles weeds (ewbk-4898)
• The sex life of plants (ewbk-4899)
• Those fabulous plants! (ewbk-4900)
• Plant reproduction (ewbk-4901)

• Additional automatically marked question

5.4 Comparing reproductive strategies in
animals

Video eLessons
• The weedy seadragon with eggs hatching and a

juvenile (eles-2067)
• Redback spiders mating (eles-2541)
• Photuris firefly (eles-2542)
• Tammar wallaby with large joey in pouch (eles-2543)

• Additional automatically marked question

5.5 Human reproduction
Video eLessons
• Human ovum in utero and sperm cells (eles-2539)
• Medical ultrasound scan of human embryo

(eles-2061)
• Giving birth (eles-2070)

eWorkbooks
• Puberty and boys (ewbk-4896)
• Puberty and girls (ewbk-4897)
• Menstruation (ewbk-4903)
• Human reproduction (ewbk-4904)
• Inside the womb (ewbk-4905)

5.6 Reproductive technologies and
contraception

Video eLessons
• Methods of contraception (eles-0127)
• Invitro fertilisation (eles-2540)

eWorkbook
• IVF — discussing the issues (ewbk-4919)

5.9 Thinking tools — Storyboards and
Gantt charts

eWorkbook
• Week by week article (ewbk-####)

5.10 Review
Digital document
• Key terms glossary (doc-34942)

eWorkbooks
• Literacy builder (ewbk-4878)
• Crossword (ewbk-4880)
• Word search (ewbk-4882)
• Study checklist (ewbk-4877)
• Reflection (ewbk-3038)

Practical investigation eLogbook
• Practical investigation logbook (elog-#####)

To access these online resources, log on to
www.jacplus.com.au
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