Science
Introduction
The pages that follow outline what Year 6 children should know about science. Students
will be introduced to chemistry and atoms. They will also learn about the classification of
living things, cells, plants, life cycles, the human body and the physical changes they
experience as they enter adolescence. In addition, they will read brief biographies of four
important scientists.
Parents and teachers can supplement this chapter with various science activities.
Students who have studied the classification of animals will find trips to zoos more
interesting. They will see how different animals in the zoo are grouped together and how
species are linked by common features. Students who have studied plants and seeds may
enjoy gardening, collecting leaves and seeds, and examining plant life with a magnifying
glass. An inexpensive home microscope will allow children to see cells and other tiny
structures, and a chemistry set (properly supervised) will allow them to perform some
basic experiments. Many books collecting simple and safe science experiments are now
available. You can find some suggested resources for the Year 6 student on page 345.
Hands-on scientific experience is so important that some educators have come to reject
the very idea of teaching young children about science from books. But book learning
should not be neglected altogether. It helps bring system and coherence to a young
person’s developing knowledge of nature and provides essential building blocks for later
study. Book learning also provides knowledge not likely to be gained by simple
observations; for instance, books can tell us about things that are not visible to the naked
eye, like cells, eggs and sperm, hormones and atoms. Both kinds of experience, book
learning and practical experience with science, are necessary to ensure that gaps in
knowledge will not hinder later understanding.
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Chemistry: Matter and Change
Atoms
Suppose you had a nugget of pure gold in your hands. With
the right tools, you could cut the nugget in half. And you
could cut one of the halves in half, too. But how long could
you keep dividing like this? If you had very good tools,
maybe even microscopic tools, could you keep going forever?
Or would you eventually come up with a particle of gold so
tiny that you could no longer divide it?
Many years ago, the ancient Greek philosophers wondered about this. Some
philosophers claimed that you could go on dividing anything forever. Others thought
there must be some limit, some particle so small that it cannot be divided. The philosopher
Democritus thought that there must be such a particle and he named it atomos, which is
Greek for ‘indivisible’. That’s where our idea of atoms comes from.
Although Democritus came up with the name atom, he couldn’t prove that atoms exist.
Atoms are much too small to see with the human eye or even with an ordinary microscope,
and how can you study something that you can’t see? Despite this difficulty, scientists
now know a great deal about these basic building blocks of matter.
It turns out that atoms can be divided, but if you divide an atom of gold, it is no longer
gold, and if you divide an atom of lead, it is no longer lead. So an atom is the smallest
piece of a substance that retains the qualities and characteristics of that substance.
Atoms themselves are made of smaller particles, called subatomic particles. We learnt in Year 5 that these are called
protons, neutrons and electrons. Protons have a positive
(+) electrical charge. Electrons have a negative (−)
charge. Neutrons have no charge: they are neutral.
e protons and neutrons are located in the centre
of the atom, called the nucleus, while the electrons
swirl around them.
Atoms are too small to see but we can
draw models. This lithium atom shows
protons as red in the nucleus. They have
positive charges. Electrons, with negative
charges, circle the nucleus.
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John Dalton
Although Democritus believed more than 2,000 years
ago that atoms must exist, it wasn’t until the 1800s
that scientists investigated atoms in a scientific way.
One of the earliest scientists to work on the subject
was John Dalton (1766-1844). Dalton looked at the
experiments done before his time and thought that
Democritus might have been right: perhaps all matter
really is made up of atoms. Scientists had already
discovered that chemical reactions cannot break down
certain substances, now called elements, into anything
simpler. Gold is an element, and so are lead, silver,
hydrogen and oxygen.
John Dalton
Dalton worked out that elements are composed of
tiny particles called atoms, and that the atoms of each
element are identical to each other, but diﬀerent from the atoms of other elements.
Even during dramatic chemistry experiments, the atoms themselves did not change, Dalton
said; they just rearranged themselves.

The Parts of Atoms
Dalton’s basic ideas proved to be correct, but it wasn’t until the 1930s that scientists began
to work out how atoms work. Several theories were proposed, and it was difficult to prove
which one was right.
Scientists discovered that most of the mass of an atom is in its nucleus. The electrons
surrounding the nucleus are much lighter. They discovered that the nucleus has a positive
charge that exactly balances the negative charges on the electrons. Once scientists
formed this picture of the atom’s structure, they began to understand how chemical
elements work.

Mendeleev and the Periods
By the late 1800s, scientists had identified most of the elements, from hydrogen, the
lightest and most plentiful element in the universe, to lead and other heavy elements. But
they did not understand why the elements interact with each other as they do.
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A very important step in understanding elements was the discovery by a Russian
chemist, Dmitri Mendeleev, that the properties of the elements repeated themselves at
regular intervals, or periodically.
Mendeleev discovered that when you put the elements in horizontal rows, from lightest
to heaviest, after a while you find another element that has similar properties to the first
atom in the row. If you put the similar elements in vertical columns you can arrange all
the elements in related groups.
Here is one such column:
element no.3 lithium
element no.11 sodium
element no.19 potassium
ese three elements have many similar characteristics. ey are all metals, which means
that they are shiny and good conductors of heat and electricity; these particular metals are
all so, low in density and solid at room temperature. ey can be hammered or drawn into
diﬀerent shapes. ey also react with other substances in very similar and sometimes
dramatic ways. It’s much too dangerous for anyone to do at home, but if you were to place
these elements on a pool of water, you would see that they float and jiggle around on bubbles
of hydrogen that are created. Sometimes the hydrogen even burns or explodes!
Mendeleev made a chart of the repetitions he saw, and a version of his chart, called the
periodic table of the elements, has been used ever since to show similarities and diﬀerences
among the elements. Although no one doubted that Mendeleev had discovered something
very important, it took many years to work out why the elements can be arranged this way.

Explaining the Periods
In the 1920s, Niels Bohr, a Danish scientist, proposed that what gives each element its
distinctive characteristics and determines how it can combine with other elements is
mainly one thing: the number of electrons in a single atom of the element. Scientists had
already given a number to each element according to the number of electrons in a single
atom. Lithium, the third element, has three electrons; sodium, the eleventh element, has
eleven electrons and so on.
Bohr had the inspired idea that the electrons arrange themselves in something like
shells, or energy levels, around the nucleus. When there were a certain number of electrons
in a shell, that made the shell stable and complete, and another outer shell would form.
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Here’s a simplified periodic table. Can you find some of the elements you’ve been reading about?
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Bohr was basically right. The chart below shows the number of electrons in the shells
of lithium, sodium and potassium.
Shell no. 1

Shell no. 2

Shell no. 3

element no. 3 lithium:

2

1

element no. 11 sodium:

2

8

1

element no. 19 potassium:

2

8

8

Shell no. 4

1

Can you see that the total number of electrons is the same as the number of the element?
For example lithium is labelled as element no. 3 and it has two electrons in its first shell and
one electron in its second shell. In total lithium has three electrons and it is element no. 3.
Lithium, sodium and potassium all have a single electron in the outer shell of its atoms. It’s
that single electron that gives the element many of its chemical and electrical properties.
In general, all chemical reactions are determined by the electrons in the outer shells of
atoms. Some elements, such as sodium, can give away an electron easily. Other elements
like oxygen can take on electrons easily. at’s why these types of elements tend to come
together, one giving electrons, one taking electrons, to stabilise the outer shells of both kinds
of atoms.
sodium atom
Sodium is the eleventh element
on the periodic table. It has 11
electrons – two in its inner shell,
eight in its middle shell and one
in its outer shell. It can give off
the single electron in its outer
shell easily.

oxygen atom
Oxygen is the eighth element in
the periodic table. How many
shells and how many electrons
does an atom of oxygen have?
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Elements and Abbreviations
There are more than one hundred known elements. Scientists often refer to these elements
using a set of abbreviations known as chemical symbols. It is easier to write a chemical
symbol than writing out the full name of an element. Some symbols have a single capital
letter. Most others have two letters, the first a capital and the second a small letter. Many
are easy to remember because they correspond with the first few letters or sounds of the
English names:
H = Hydrogen

N = Nitrogen

Si = Silicon

He = Helium

O = Oxygen

Cl = Chlorine

C = Carbon

Al = Aluminium

Some other abbreviations are a little harder to remember because they are based on the
Latin names of the elements:
Abbreviation

Latin name

English name

Fe
Cu
Ag
Au

ferrum
cuprum
argentum
aurum

Iron
Copper
Silver
Gold

Can you find these elements on the periodic table on page 299? Can you find elements
that are in the same vertical column, called a group?

Metals and Non-Metals
Two important categories of elements are metals and nonmetals. About two-thirds of the elements are metals. Lithium,
sodium, potassium, iron, copper, silver, lead and gold are all
metals. Carbon, oxygen, hydrogen and chlorine are some
non-metallic elements.
This medal is made from element 47 on the periodic
table. Can you work out what element that is?
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How is a metal different from a non-metal? Metals are usually shiny and malleable,
which means they can be beaten into different shapes. Metals are also usually ductile,
which means they can be stretched out into wires. Finally, most metals conduct electricity
– that is, they allow electricity to flow through them. Some metals are better conductors
than others. Silver and copper are very good conductors of electricity. Since copper is less
expensive than silver, it is often used in electric wires and motors.

Molecules
If the atoms of the elements always stayed by themselves, nothing much would happen.
There would be no chemical reactions − and no life.
A molecule is created when two or more
atoms join together – either atoms of different
elements or atoms of the same element. For
example, you know that humans need oxygen to
survive. The oxygen in the air you breathe is
actually in the form of molecules, that is, as
two oxygen atoms joined together. The symbol
for oxygen is ‘O’
and the double
oxygen molecule
O
O
can be represented
like this:
e way chemists show a normal molecule of
two oxygen atoms is by the symbol O2. e
number means that there are two atoms of oxygen
together in a molecule. Sometimes, though,
lightning bolts can cause this oxygen molecule to
break up into its individual atoms.

O
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O

Forming O3 ozone from
O2 oxygen

Chemists show an ozone molecule by writing
O3. Sometimes you can smell ozone after a
thunderstorm. Because ozone is unstable, many
ozone molecules break apart after a while, and
regular oxygen molecules (O2) form again.
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Compounds
Compounds are molecules made up of atoms of different
elements. Here is the scientific formula for the most
important compound in the world: H2O. That is the
O
chemical formula for
water. The way you
say this formula is ‘HH
two-O’. It means that
two hydrogen atoms are joined with one oxygen
atom to make one molecule of water. Here is one way
to show a water molecule.

H

Another famous compound is carbon dioxide, or
CO2. Carbon dioxide is made up of two atoms of
oxygen joined to one atom of carbon. Carbon dioxide
is a colourless, odourless gas. Your body is a carbon
dioxide factory. Every time you exhale, you breathe
out millions of molecules of carbon dioxide. Some of
this carbon dioxide is used by plants for a process
called photosynthesis. Plants, in turn, give off oxygen
needed by human beings.

Physical and Chemical Changes
Scientists distinguish between two kinds of changes that can happen to a substance.
A physical change alters the properties or the appearance of a substance but does not
change what it is made of. If you saw a piece of wood in half, you have made a physical
change: the wood is still the same stuff, but now it’s in two pieces. If you kick a football
through your neighbour’s window, you will physically change the windowpane, but the
pieces of glass on the floor will still have the same chemical make-up. When water freezes
it is still made up of the same H2O molecules, but its physical properties change from a
liquid to a solid.
In a chemical change, the atoms and molecules of the reacting substances are rearranged
to create new substances. All the original atoms are still present, but there are new
molecules with different properties and different chemical formulas. If, instead of cutting
a piece of wood, you burn it, you change the wood in a chemical way. The molecules of
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the wood are transformed into
different substances, including carbon
dioxide, water vapour and carbon.
Rust is another example. You may
have noticed that iron rusts when it
gets wet. When iron combines with
oxygen, a chemical reaction takes
place and a compound called iron
oxide, or rust, is created.
The chemical formula for table salt
is NaCl. You can say it either ‘N-A-C- This family is using the chemical reaction
L’, or ‘sodium chloride’, which is what
we call fire to keep their feet warm!
the letters stand for. Scientists can
make NaCl by joining together HCl (hydrochloric acid) with NaOH (sodium hydroxide)
when these substances are dissolved in a water solution. In these solutions, the atoms have
either gained or lost electrons, which gives them an electrical charge. These charged atoms
are called ions. When HCl and NaOH are combined, a chemical reaction takes place, in
which the ions get new partners. The result will be table salt and water. Chemists write a
chemical equation to show what happened:

HCl + NaOH

NaCl + H2O

H
Cl

H

+

Na

=

O
H

Na

Cl

+

O
H

The chemical reaction is stated as follows: hydrochloric acid plus sodium hydroxide
yields (makes) sodium chloride plus water. Notice that this equation is something like a
mathematical equation. All the elements on the left side still appear on the right, but the
sodium atom (Na) has joined the chlorine atom (Cl), and the first hydrogen atom has
combined with the OH to make H2O. This shows us that no atoms disappear and no new
ones are created.
Chemical changes are essential for life. When your body processes the food you eat, it
uses chemical reactions that give off the energy you need to do everything you do. It’s this
chemical energy that keeps you breathing and keeps your heart pumping blood through
your body. Without chemical energy, there could be no life!
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Classifying Living Things
Why Classify?
If someone asked you how to find
apples in the supermarket, you’d probably
send her to the fruit and vegetables aisle
or tell her to look near the oranges and
watermelons. Where would you tell a
friend to look if he wanted to borrow
a pair of your socks? You’d tell him
to look in the drawer where you keep
your socks.
Grouping things that are alike makes
it easier for us to find them and easier
to add similar new things to the group.
Would you find frozen chips in the
crisp aisle in a supermarket? No,
because although chips and crisps have
potatoes as ingredients, frozen chips,
unlike crisps, need to be in a freezer. So
we put these products in different places
in the shop.
We group things together or separate them according to certain similarities or
differences. When we group things together because they are alike in certain ways, we are
classifying them.
If you go to school, you and your fellow students are probably grouped in a Year 6 class.
You are placed in that class because you are the right age for Year 6. Within your class,
you could think of other classifications, like boys and girls, or those who walk to school
and those who come on the bus. There are many ways to divide people and things into
classes, and it’s important to remember that there is generally no single right way to divide
up and name things. Still, classes and our names for them are very useful both for everyday
life and for science. We classify and name things to make it easy to talk about them.
In fact, we could not talk about most things without using classifications, because the very
name we use for a thing is often the word for a whole class of things. A comfortable
armchair and an upright wooden chair both belong to the class of things called ‘chairs’.
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Classifying Organisms
You’ve already read how chemists classify elements by their properties. Scientists who
study living things, or organisms, also use classifications. One of the features scientists
look at when they want to classify an organism is how it gets its food. Plants usually make
their own food from sunlight, water and air, while animals do not. Animals can usually
move themselves around, while plants cannot. Based on features like these, scientists have
classified living things into large groups called kingdoms.
The first two kingdoms that scientists
agreed on are the plant and animal
Carl Linnaeus worked
kingdoms. Within these large kingdoms
out how to classify plants
we can classify organisms into smaller
and animals. You can read
groups. For instance, we put all flowering
about him on page 338.
plants in one large group and all nonflowering plants into another. We put all
animals that have hair and give milk into
one class and all animals that have feathers and beaks into another.
Fungus Kingdom

Plant Kingdom

Protist Kingdom

Prokaryote Kingdom

Five kingdoms of organisms
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Once the microscope was invented and we could see more creatures, the
classifier’s job became more difficult. Scientists discovered many new
organisms that seemed to be neither plants nor animals and needed
new classifications. Their observations led to the naming of
three new kingdoms: the fungus [FUN-gus], protist [PRO-tist]
and prokaryote [pro-CARRY-oat] kingdoms. To see why
scientists thought these microscopic organisms couldn’t be
classified as plants or animals, we need to learn about cells.
We learnt about microscopes
and the man who developed
them in Year 3.
A light microscope works by shining light
through a slide and magnifying it with lenses.

Cells
Cells are the tiny building blocks that make
up all living things. There are many different
types of cells and they are so small we can see
them only with a microscope. Cells were
discovered over 300 years ago when an
English scientist named Robert Hooke was
looking through his microscope at thin slices
of cork – the material from the bark of the
cork tree that can be used to seal bottles.
Hooke noticed a regular pattern of small,
boxlike squares in the cork, which reminded
him of little rooms. He named these cells,
after the Latin word for room, cella.
When scientists developed even stronger
microscopes, they were able to study the
insides of cells and see various structures.
Let’s look at a picture of a cell and learn what
its parts do.
Robert Hooke drew the cork cells that he saw under his microscope.
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The Parts of a Cell
e cell membrane is a thin covering around
the cell that separates it from its surroundings,
a bit like a skin. e cell membrane helps give
the cell its shape and controls what goes into
it (food, water and oxygen) and out of it
(waste). Inside the cell is the cytoplasm [SYtoh-plaz-um], a jelly-like liquid that surrounds
all the other cell parts. Inside the cytoplasm is
the nucleus [new-KLEE-us], the cell’s control
centre. e nucleus is surrounded by the
nuclear membrane that controls what goes
into and comes out of the nucleus. e
nucleus contains all the instructions for
running the cell. Sometimes cells need to
make new cells; they need to reproduce. To
reproduce, a cell splits into two cells. But
before the cell splits, the instructions in the
nucleus are copied and the two copies separate
to form two nuclei, so that each new cell has a
nucleus with a copy of the cell’s instructions.

Nuclear
Membrane
Nucleus

Cell
Membrane

Cytoplasm
Vacuoles

Mitochondria

A cell and its parts as they might
look under a powerful microscope.

Also inside the cytoplasm are tiny organelles, small structures that carry out the
chemical activities of the cell. These organelles include vacuoles [VAK-you-oles], that
store food, water or wastes, and mitochondria [my-toh-KONN-dree-uh], that help to
break down food and release energy the cell can use.

Living versus Non-living
How do we know if something is alive? Sometimes it’s easy: you know
that you are alive and a rock is not. But sometimes it’s hard to tell. What
about a cloud, a fire or a tiny virus? Scientists say all living things do six
activities. They take in nutrients, use energy to do work, reproduce,
grow, get rid of wastes and react to outside changes. Is a cloud alive?
What about a fire? Do you think cells inside living organisms are alive?
Why, or why not? Can one cell be a living organism?
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The cells in both plants and animals, though they may differ in shape and size, have
the features you’ve been reading about: a cell membrane, cytoplasm, a nucleus, a nuclear
membrane, vacuoles and mitochondria. As hard as it may be to believe, the cells that make
up our body have all these things in common with the cells in a blade of grass!

Different Kinds of Cells
Cells are many different shapes depending on the special jobs they do. Muscle cells are
long and thin so that they can relax or contract and move the body. Red blood cells are
tiny, round and flat so that they can pass through blood vessels and bring oxygen to other
cells. Cells in a tree trunk are long and thin and form tubes to transport food and water
up and down the tree. The cells on the surface of a plant’s leaves are flat and tightly
connected to form a type of ‘skin’ that keeps water in.
In complex organisms like human beings, cells are oen organised into tissues, organs
and systems. A tissue is a collection of similar cells that work together. If you feel your upper
arm, you touch skin tissue. If you flex a muscle, you can feel muscle tissue under the skin.
Tissues that do similar things work together to make organs, like the heart, the stomach
or the brain. Organs can work together to form systems. For instance, the stomach, the
large intestine and the small intestine are all organs that are parts of your digestive system.
All of these tissues, organs and systems are built from cells.

The task performed
by a cell has a lot to
do with its shape.
See how differently
the cells from a tree’s
trunk and a tree’s leaf
or needle are shaped.
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How Plant Cells Differ from Animal Cells
Plant cells have two additional parts that animal cells don’t have. Unlike animal cells, plant
cells have cell walls. The cell wall is a sturdy layer around the cell membrane that supports
and protects the cell. The cell wall helps the plant cell to be stiff when it has enough water
and cytoplasm inside, and this helps the plant to remain upright. Robert Hooke was
looking at the cell walls of tree bark cells when he made his discovery. The inside of the
cells had died and dried up, leaving the pattern of ‘boxes’ that he saw.
Another structure that plant cells have that animal cells don’t have is the chloroplast [KLOroh-plast]. Chloroplasts contain chlorophyll [KLOR-oh-fill], a green substance that traps
the energy from sunlight, enabling plants to make food in a process called photosynthesis.
Remember that one of the basic differences between plants and animals is that plants
usually make their own food while animals don’t. Animals have to find food themselves,
they can’t make it. It’s the chloroplasts that allow plants to make their own food.
Mitochondrion

Chloroplast

Vacuole

Nuclear membrane

Cell membrane

Nucleus

Cytoplasm
Cell membrane

Nucleus

Cell wall

Nuclear membrane

Cytoplasm
Mitochondrion

A typical plant cell

Vacuole

A typical animal cell

Fungi
If you have ever seen a mushroom, you’ve seen a fungus. If there were diﬀerent kinds of
mushrooms on display in the supermarket, you probably saw several kinds of fungi [FUNgee]. Fungi were once thought to be part of the plant kingdom because they have cell walls
and produce spores (which plants also produce). But they were separated into a distinct
kingdom because they get their energy not from sunlight but by breaking down material
from dead plants and animals. e mushrooms you can buy at the supermarket are created
by colonies of fungi that feed on decaying plant material. From time to time, the fungi send
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up mushrooms. When they are mature, or fully
grown, the mushrooms release millions of tiny
spores, which are cells with a protective coat. e
wind blows the spores to distant places, where
they start new fungus colonies.
The yeast that makes bread rise is a type of
fungus. So is the green mould that forms on
bread when it is exposed to moist air. And so is
the white, powdery mildew that can appear on
houseplants and in moist places.
This fungus is growing on a log
in the forest and it looks a bit
different from the mushrooms
you see in the supermarket.

One of the most exciting fungi known to
scientists is Pilobolus, also known as ‘the shotgun
fungus’. Pilobolus grows on cow manure. When
the fungus is ready to spread its spores, its cap
explosively pops oﬀ and flies through the air,
sometimes travelling up to six feet!

Protists
The fourth kingdom is the protists. Some protists are so tiny they are only one cell. They
can be seen only with a microscope. Others are quite large. Some protists have animal
features, others have plant features, and still others have features of both! For years,
scientists were confused about how to classify these organisms. Finally, scientists decided
that these organisms should make up their own kingdom.
Protists that are single-celled and that act like animals are called protozoans [proh-tohZOH-unz]. Proto means ‘early’ in Greek and zoan means ‘animal’. Protozoans can move
around. They can also capture food they find in their environment. Some are found in
fresh water, some in salt water. Some live in soil, and some live inside other organisms.
One protozoan you may have heard about is called an amoeba [uh-MEE-buh]. An
amoeba is a blob-like protozoan that is one large cell. It can stretch its body around tiny
organisms that it wants to eat. Once the prey is surrounded, the amoeba brings it inside
its one-celled body. This forms a vacuole, in which the prey is digested.
Other protists are plant-like and are called algae [AL-gee]. Some of these are single cells
and some have many cells. You may have seen algae growing as a film on top of a pond
or lake. Seaweed, or kelp, is also a type of algae. These organisms photosynthesise and
their cells contain chloroplasts.
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Euglena [you-GLEE-nah] are
single-celled protists that have both
plant and animal features. Like plants,
euglena contain chloroplasts, but,
unlike plants, euglena can move
around. Euglena can make food
through photosynthesis, but when
there is no sunlight, they can eat
bacteria or other protists.
This picture, taken with an electron microscope, shows a single,
ciliated protozoan – a kind of protist. The protist is covered with cilia,
tiny hair-like projections that help the organism to swim in liquids.

Prokaryotes
Prokaryotes (formerly called monerans) are small, single-celled organisms that are very
simple. Until high-powered microscopes were developed, scientists thought that
prokaryotes were very small protists, and they had a difficult time classifying them.
But once they could see prokaryotes more clearly under high-powered microscopes,
scientists found that they have a very important characteristic that puts them in a group
by themselves: prokaryotes have no cell nucleus! The material normally found in a cell
nucleus is clumped together, but has no nuclear membrane around it.
Prokaryotes are also called bacteria. They have both a cell wall and a cell membrane.
They are classified according to their shape: some are long rods or capsules, some look
like spiral tubes and some are spherical. They get their food from other organisms or from
decaying matter. They are found just about everywhere: in the air, water and soil, and
even inside other organisms, including you!
Some bacteria cause diseases. (Perhaps you’ve taken medicine to get rid of a bacterial
disease like tonsillitis or bronchitis.) Other bacteria are very useful to life. Like fungi, they
help to break down decaying material so that nutrients are free to be used by plants.
Certain types of bacteria are necessary for proper digestion in humans. Scientists have
even been able to develop bacteria that ‘eat’ oil and help to clean up oil spills.
Cyanobacteria are prokaryotes found in water or soil. They photosynthesise but they
do not have chloroplasts; instead, their chlorophyll is contained in membranes spread
throughout the cell. Cyanobacteria used to be called blue-green algae. About half of them
are bluish-green, but the rest are other colours, including red! Cyanobacteria are the
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beginning of the food chain for many
animals that live in water. They also
produce oxygen in the water and in
the air we breathe.
e classification on page 306 shows
all prokaryotes in one kingdom.
However, a growing number of
scientists divide prokaryotes into two
kingdoms, called Eubacteria (‘true
bacteria’) and Archaebacteria (‘ancient
bacteria’). is is an area where ideas
about classification are changing
rapidly as scientists learn more about
these tiny organisms.
The red Salmonella typhimurium prokaryotes, seen under an electron
microscope and magnified many times their actual size, are invading
the yellow human cells.

Taxonomy
Scientists first classify living things by placing them in one of the kingdoms. But these are
very large categories, so scientists have divided them into a series of smaller groupings:
Kingdom
Phylum (plural: phyla)
Class
Order
Family
Genus (plural: genera)
Species
(Variety)
Each kingdom can contain several phyla, and each phylum can contain several classes,
and so on. (You can remember these categories, in the correct order by size, by
memorising the sentence ‘King Philip came over for good spaghetti’.)
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Here’s how scientists would classify a collie dog:
Kingdom: Animalia (an animal)
Phylum: Chordata (an animal with a type of internal skeleton)
Subphylum: Vertebrata (a vertebrate, an animal with a backbone)
Class: Mammalia (a mammal, an animal that is warm-blooded, has hair,
and makes milk)
Order: Carnivora (a carnivore, or meat-eater)
Family: Canidae (a group with dog-like characteristics)
Genus: Canis (a coyote, wolf, or dog)
Species: familiaris (a domestic dog)
Variety: collie (a specific breed of dog)
Can you see how this description gets
more specific as it goes along? It begins by
classifying the collie as an animal and then
says that it’s not just any kind of animal, it’s
an animal with a backbone. Gradually, more
and more details are introduced and the
description ‘closes in’ on the exact kind of
animal. This system of classifying living
things is called taxonomy.
Did you notice that there is one extra stage
in the classification of the collie? In addition
Genus: canis; Species: familiaris;
to phylum and class, this classification also
Variety: collie
includes a subphylum. Some phyla are divided
into subphyla, which are then divided into classes.

Latin Names
When taxonomy was just getting started, Latin was a language spoken by educated
people in many different countries. It enabled a Frenchman, an Englishman and a
Dutchman to communicate with one another. So the early taxonomists used Latin. Today
scientists still use Latin names so that everyone will know which plants and animals they
are talking about.
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When scientists want to specify an animal, they don’t usually list all the categories it
belongs to. It would not be very convenient to refer to a dog as an Animalia Chordata
Vertebrata Mammalia Carnivora Canidae Canis familiaris. Scientists usually use only the
genus name and species name. So the scientific name for a dog is Canis familiaris.
We always capitalise the genus and never the species name. This system was devised by
Carl Linnaeus, whom we will read about on page 338.

Meet the Vertebrates
One thing the taxonomic description of a
We learnt about
collie tells you is that collies are vertebrates.
invertebrates in Year 4.
That’s another way of saying that collies
They don’t have any backbone!
have backbones. In fact, most of the animals
you see at the zoo are vertebrates. Fish,
amphibians, reptiles, birds and mammals are five different groups of vertebrates.
A fish is a vertebrate that lives in water and uses gills to get oxygen from water. Its body
temperature is the same as the temperature of the surrounding water, so we say that it is
‘cold-blooded’. Most fish are covered with small scales. Most of them also lay soft, jellycoated eggs. Salmon, trout and tuna are different kinds of fish.
Amphibians are also vertebrates, and they also cannot adjust their body temperature.
ey live part of their lives in the water and part on land. (e word amphibian means ‘living
in two places’.) Amphibians have gills and live mostly in water when they are young, but
most of them develop lungs when they grow up. Frogs and salamanders are amphibians.
Reptiles are vertebrates that hatch from
eggs and breathe with lungs. The eggs have a
hard shell to protect them and keep them
from drying out. Like fish and amphibians,
their body temperature depends on the
temperature of their surroundings. Snakes,
lizards and turtles are all reptiles.
This lizard is a reptile.
Birds are warm-blooded vertebrates,
which means that they always keep their
body at a certain warm temperature. To do
this, they release heat when they break down
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food. Birds have lungs, as well as feathers and wings. Most birds can fly, but a few, like
ostriches and penguins, cannot. Most birds build nests in which to lay their hard-shelled
eggs.
Mammals are another class of
warm-blooded vertebrates. They
breathe with lungs and usually have
hair on their bodies. Female
mammals produce milk to feed their
babies. Human beings are mammals,
and so are dogs, kangaroos, giraffes
and lions.
With most animals, it’s not hard to
guess what kind of vertebrates they
are. But a few are tricky. For instance,
what category would you guess
This zebra and her foal are
whales and dolphins belong in? Did
both mammals.
you say fish? That’s a logical guess,
but have you ever noticed that both whales and dolphins come to the surface a lot and
blow out big puffs of air? That’s because whales and dolphins have lungs, not gills. They
are warm-blooded and feed their babies milk. That means they are mammals, not fish!

Plants
Plants and Photosynthesis
Animals like whales and dolphins and human beings have to eat food to keep their energy
levels up. Plants, on the other hand, are able to make food from carbon dioxide and water,
using sunlight energy.
All plants (as well as some types of prokaryotes and protists) contain chlorophyll, a
molecule that makes some or all of their cells appear green. The word chlorophyll comes
from two Greek words – chlor, meaning ‘green’, and phyllo, meaning ‘leaf ’. In fact,
chlorophyll can be found in other green parts of a plant besides the leaves. Protists and
prokaryotes containing chlorophyll have no leaves. But all of these organisms use
chlorophyll to trap the energy they need to make food. The process they use to make food
is called photosynthesis.
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Photo means ‘light’. Synthesis
means ‘putting together’. So
photosynthesis means ‘putting
together with light’. Organisms
that contain chlorophyll combine
water and carbon dioxide using
energy from sunlight. The end
products of photosynthesis are
sugars, which the organisms use
for food, and oxygen gas.
How is this done? Where do the
water and carbon dioxide come
from, and where do the oxygen
and sugars go? Let’s start by
finding out how water and carbon
dioxide get into a celery leaf.

Surface
of leaf

Xylem
Phloem

Stem

Air
passes through
the tiny holes

Roothairs

Photosynthesis in
a celery plant
Step One: Transporting Water and Nutrients:
Cars, buses and underground trains are all means of transport we use to move from one
place to another. Many plants transport things inside them, too, in order to make and
store food. Look at the drawing of a celery plant. The plant takes in water and nutrients
from the soil through tiny hairs on its roots. The water and nutrients are transported
through the root hairs to the roots, and then up the stem (or ‘stalk’) of the celery through
tubes arranged in bundles.
ere are two types of tubes in plants: xylem [ZYE-lem] and phloem [FLOW-em]. Xylem
tubes carry water and nutrients from the soil up the stem to the leaves where most
photosynthesis occurs. Phloem tubes carry sugars from the leaves to every part of the plant
that is not green (like the roots, trunk and flowers) and also to the growing tips and the fruits.
Step Two: Light Energy from the Sun:
Look at the cross section of the celery leaf, as seen through a microscope, in the illustration.
Note the layer of cells just below the top surface of the leaf. These cells contain
chloroplasts, where chlorophyll is found. Sunlight shines through the top of the leaf, and
the light energy is trapped by the chlorophyll and stored in special molecules for later use.
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Step Three: Carbon Dioxide from the Air:
In this step, food is made. Air passes in through tiny holes on the bottom surface of the
leaf called stomata. (A single hole is called a stoma; many holes are called stomata.) Carbon
dioxide from the air reaches the cells where chlorophyll has trapped energy from sunlight.
This energy causes a chemical reaction that combines water and carbon dioxide to make
oxygen and sugars.
Step Four: Back to the Transport System:
The sugars created in the leaves are transported down the
celery plant in phloem tubes, to be stored as sugar or very
large molecules called starch in other parts of the plant.
The plant’s cells use this food later to grow and do work.
The sugars and starches stored in a plant are necessary
for the plant to survive, but they can also make the plant
taste good to humans and animals. Doesn’t an apple taste
sweet? That sweetness comes from the sugars the apple tree
An apple is sweet because the apple tree has stored sugars in the fruit.

Transporting Water: See for Yourself
Collect the following materials: a glass large
enough to hold a stalk of celery upright, water,
black ink, a stalk of celery with leaves, scissors, a
magnifying glass or hand lens. Cut about an inch
off the bottom of the celery stalk. Place the stalk
upright in a glass. Fill the glass half full of water
and add a few drops of black ink. Let the celery
sit overnight. What
do you observe the
next day? Take the
stalk out of the water
and with scissors cut
it above the water
line. Observe the bottom end with the
magnifying glass. What do you see?
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stored in its fruit – sugars created by photosynthesis. Many plants – potatoes and maize,
for example – change the sugar they make into starch before it is stored.
We eat many plants to get their stored sugar and starch. And just like plants, we convert
this stored food into energy for our cells to do their work.

Vascular and Non-vascular Plants
Scientists divide plants into two categories: vascular and non-vascular. Most of the plants
you are familiar with are vascular plants. Vascular plants have roots, stems and leaves.
Inside the stems and leaves are xylem and phloem that allow water and nutrients to move
through the plant. But other plants don’t have these tube-like structures and can’t move
nutrients as well. These are the non-vascular plants.
Moss is an example of a non-vascular plant. A moss relies on photosynthesis just like
a celery plant, but it has to make do without the transport network provided by stems and
branches. Non-vascular plants are small and low to the ground, and they can grow only
in moist places because they don’t have roots that can carry water.

Life Cycles and Reproduction
The Replacements
All living things are born, grow during their
We first learnt about
lifetime and eventually die. Tadpoles are born,
the life cycle in Year 3,
grow, change into frogs and eventually die, but
and now we’ll learn more
female frogs lay eggs that will hatch into new
about reproduction.
tadpoles. Chicks hatch, grow to be adult chickens
and eventually die, but hens lay eggs that hatch
into new chicks, so the life cycle continues. What would happen if no new chickens were
born to replace those that died? ere would be no chickens in the world – they’d be extinct.
To keep from dying out, all living things reproduce themselves. ‘Reproduce’ means ‘to make
again’ or ‘to make a copy’. Reproduction is the process of making again.
The cells in your body reproduce themselves and increase in number, which is how you
grow. Every day, for example, some of your skin cells reproduce themselves and some of
them die. As you grow bigger, your skin cells reproduce faster than they die, so your skin
can continue to cover your whole body. As you grow taller, cells in your bones reproduce
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and make longer, thicker bones. When you become an adult, cells reproduce more slowly,
so slowly, in fact, that at about age twenty you stop growing bigger. From then on, cells
are created at about the rate they die, so the number of cells stays about even.

The life cycle of a frog

The life cycle of a chicken

Organisms reproduce in different ways. Some plants make seeds. Mushrooms and other
fungi make spores. Frogs and chickens lay eggs. Dogs have litters of puppies. What about
protists and bacteria? Let’s read about two categories of reproduction: asexual and sexual.

Asexual Reproduction
One way that organisms copy themselves
is through asexual reproduction. Asexual
means ‘non-sexual’, that is, reproduction
without using males and females. The
organism simply copies itself through
cell division.
Asexual reproduction can be very
simple. Bacteria (the simplest of all
organisms) and many protists reproduce
by splitting. After making copies of their
genetic material (the cell’s set of
instructions), bacteria simply split their
single cell in half. Each half becomes a
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new cell. Under the right conditions some bacteria can double their numbers every 20
minutes and quickly form colonies large enough to see without a microscope! That’s why
it’s important to keep fresh food in refrigerators. Most food contains some bacteria, but
not enough to make you ill. Cold temperatures keep bacteria from growing and dividing.
However, if you leave some types of food out for too long, the bacteria will start
reproducing until your food is full of millions of bacteria and is not safe to eat.
Mildews, moulds and mushrooms are fungi that reproduce
by forming spores. Spores are single cells that are often
protected by a hard covering. Spores drop off the parent and
grow into fungi if there is enough water and food for them to
live. On the other hand, most yeasts, which are single-celled
fungi, reproduce by budding. A ‘bud’ forms on one side of the
cell and eventually separates itself to form a new yeast cell.
These yeast cells are reproducing by budding.
Can you see how a small bud is forming
on the side of the parent cell?

Asexual Reproduction in Larger Animals and Plants
Some plants and animals can reproduce themselves asexually. In plants, the most familiar
example of such reproduction is called cloning, where a piece of the plant – a leaf or stem
cutting – is put into some moist material, and a whole new plant forms – a new plant that
is just like the parent. Some plants do this naturally, like strawberries that send out ‘runners’
or daﬀodil bulbs that divide in two underground. Only simple animals like sponges,
flatworms and jellyfish reproduce asexually. Some simple animals just split in two, and
some grow a new, smaller copy on their side that eventually falls oﬀ and grows on its own.
Most animals do not reproduce asexually.
However, many animals have the ability
to replace lost cells or even lost body parts.
This is called regeneration. The amount of
regeneration that can occur depends on the
type of organism. You regenerate skin cells
when you cut your finger and the wound
heals. But if you cut off your whole finger, it
won’t grow back.
Other animals have a much greater ability
to regenerate. Have you ever seen a starfish?

A starfish, or sea star, can
regenerate amputated limbs.
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A starfish can grow a whole new arm if one
is cut off. The lost arm, if it still has a piece
of the centre of the starfish, can even grow
into a new starfish! When some kinds of
worms are cut in half, each half grows into
a new worm. Salamanders can regenerate a
leg if they lose one. But the leg can’t
regenerate a new salamander. In general,
more complex animals like salamanders
and humans have a more limited ability
to regenerate.

Axolotls are a kind of salamander.

Sexual Reproduction in Mosses and Ferns
Sexual reproduction requires special male and female cells to combine. These special cells
are called gametes [gam-eats]. In sexual reproduction, male and female gametes join to
form a fertilised egg.
Mosses, which you may have seen growing in shady spots, reproduce by making spores.
Look at the drawing of the moss’s life cycle. In the first step, shown on the lower right, a
spore has just landed in a moist, nutrient-rich spot and germinated. Next it grows into a
moss plant that is green and often forms a soft mat. After a time, something amazing
happens. Buds near the tips of the moss plant begin making gametes. If the buds make
gametes that are eggs, the moss plant is female. If the buds make gametes that can swim,
called sperm, the moss plant is male. When a male and female plant are close enough
together, and there is some water present, a male gamete (the sperm) swims to a female
gamete (the egg) and fertilises it. This fertilised egg divides and grows into a stalk on top
of the female moss plant. The cells continue to divide to form a capsule at the tip of the
stalk and to form spores inside that capsule. When it is mature, the capsule bursts open
and releases the spores. If the spores fall on moist ground, they germinate and the process
starts all over again.
The life cycle of a fern is similar to that of a moss, but there are some differences. When
the fern spore gets wet it germinates, turning into a tiny, heart-shaped plant that produces
both male and female gametes. When these male and female gametes come together, the
fertilised egg grows into a totally new and different plant that will become the large fern
you can find in the woods. The leaves of a fern are called fronds. On the bottom of some
of the fronds of a mature fern, there are special cells that produce capsules full of spores.
These capsules burst open and release the spores to start the cycle again.
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The life cycle of a moss
Mature plant
develops capsules

Spore capsule
bursts

Egg
develops

Sperm

Egg

Spore germinates
in moist soil

Spore grows into
small plant

The life cycle of a fern

Frond
Spore capsule

Fern
Spore
Spore germinating
Young fern
Female gametes
Egg
Gametophyte
Gametophyte

Male gametes
Sperm
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Conifer Seeds Are Naked
Most large plants reproduce by combining a
male and female gamete to make a fertilised egg
that grows into an embryo [EM-bree-oh]. This
embryo, or baby plant, is protected inside a seed.
Some of the simplest of these seed plants are the
conifers, a name that means ‘cone-carriers’. Have
you wondered what a pine cone is for? It is the
reproductive part of the pine tree.
If you can find a big pine tree, you may be able
to see that there are both big and small cones on
it. These two kinds of cones are usually found on
the same plant. The small cone carries the male
cells. That’s because it doesn’t take much space
to store millions of tiny grains of pollen, each of
which carries a male gamete.
The male cones release
pollen to the wind.

Pollen from the male pine cone is carried by
the wind and sticks to the larger female pine
cone. Tubes grow from the grains of pollen to
reach the eggs inside the female cone, and a male gamete joins with the egg to fertilise it.
The fertilised egg then divides and grows into an embryo. In addition to the embryo, the
seed also contains a supply of food on the inside and a seed coat on the outside. The seed
coat keeps the embryo from drying out.
The seed drops to the ground when the
cone opens. If the soil is moist, the seed
germinates, using the stored food to help
the embryo grow. The embryo grows into
a new tree if there is enough water plus
enough nutrients in the soil.
The seed from a conifer is called a
naked seed, because it has nothing on
except its own seed coat. There is no fruit
that surrounds it. Conifers belong to the
group of plants called gymnosperms,
which means ‘naked seeds’.
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Some pollen reaches the larger
female cones.
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Seeds of Flowering Plants Have Clothes
Most plants clothe the seeds they make with some sort of
covering. The fruit of a cherry is the covering for the
seed inside it. Tomatoes have seeds inside, and so do
cucumbers, green peppers and oranges. All of these
are fruits! You’re probably more interested in the
fruit than the seeds, but for the purpose of
reproduction, the tomato or the orange are just
coverings for seeds.
These plants with covered seeds are called
angiosperms, which in Greek means ‘covered
seeds’. All these plants have one thing in common:
they have flowers. The seed covers, hard or soft, big or
small, sweet or sour, all come from the same place – a flower.

Flowers
Many plants you are familiar with, including most trees, shrubs, vines, grasses and garden
plants, produce flowers. They can be as large and showy as sunflowers or as tiny as the
flowers on a grass plant, but most flowers have essentially the same parts.
Let’s look at a diagram of a typical flower on the next page to see how seeds are formed.
Typically the flower is formed as a series of rings, one inside the other. e outer ring is
made up of sepals, which are usually green and look like leaves attached to the stem at the
base of a flower. Inside the sepals, the petals make the next ring. e colourful petals attract
insects, which are oen important for bringing pollen carrying the male gamete to the egg.
Inside the petals, in the centre of the flower, lie the reproductive parts. The stamens are
the male reproductive organs. Each stamen has an anther on its tip, where millions of tiny
pollen grains, each with a male gamete, are made. At the very centre of most flowers is
the pistil, with the female reproductive organs. The pistil is a tube that leads down to the
ovary with its egg or eggs.
What is an ovary? In Latin it means a ‘place for eggs’. This place for the egg or eggs is
completely protected, which is one of the great advantages of a flower. Sometimes, when
there is just one egg, the ovary is called an ovule, which means ‘small ovary’. For instance,
when there is just one seed inside a fruit, you know it came from a single ovule. When
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there are several eggs, then there will be several ovules inside a larger ovary. And later
when that ovary develops into a fruit, there will be several seeds inside, as in a tomato,
orange, or apple.

A typical flower and its parts

Flower Fertilisation
The first step of flower fertilisation is pollination, the movement of pollen from the anther
to the sticky top of the pistil. But how does the pollen make that trip? Insects or birds are
responsible for pollinating many flowers. But wind and rain also help. Look at the bee in
the picture. When the bee sips nectar from the flower, it also picks up some pollen that
sticks to its back or legs. When it visits another flower to get more nectar, the pollen can
fall off and stick onto the pistil.
In the second step of fertilisation, a tube grows out of the pollen grain that is stuck to
the pistil. A pollen tube cannot grow unless the pollen comes from the same kind of plant
as the pistil it lands on. Inside the pollen tube is the male gamete. The tube grows down
the pistil and into the ovule at the bottom.
In the last step, the male gamete joins the egg cell in the ovule, and fertilisation occurs.
The fertilised egg cell begins to divide and form an embryo, or young plant. The ovule
grows into a seed coat that protects what is now the seed. As the seed forms in the parent
plant, the flower changes. e sepals and petals die and fall oﬀ, while the ovule or ovary
grows into a covering or fruit – into beans or berries or tomatoes or the hard shells of nuts.
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The covering protects the seed or seeds inside it and also helps to scatter the seed. These
coverings are often juicy and nutritious. Animals eat fruits, but they often do not digest
the seeds. When the seeds pass through the animal’s body, they may end up in a new
location where they can germinate. If the fruit falls from the parent plant but is not eaten,
it starts to decay and the seed is uncovered. This allows the seed to reach the soil, where
it can germinate and grow into a new plant.

The stages of reproduction in a flowering plant: pollination, fertilisation,
ovary begins to grow as flower petals die, ovary continues to grow,
mature fruit or vegetable houses seeds for next generation.

Plant Development
What happens to a seed once it reaches the soil? Let’s look at the development of a plant. e
photographs on the next page show the outside and inside of a conker, which is a horse
chestnut seed. When it is cut open, you can see the young plant or embryo inside. Notice the
large area where food is stored. is is called the endosperm; it contains food for the young
plant – and also for animals, including humans. We eat many seeds, though not conkers. is
food keeps the embryo alive and helps it to germinate and grow until it is big enough to make
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its own food. See the seed coat? It protects the seed and keeps it from drying out.
When a seed falls to the ground, it is sometimes pushed into the soil by heavy rainfall.
Certain seeds are buried by animals, like squirrels that want to eat them later. When seeds
are planted in moist soil, they absorb water. is soens the seed coat and makes the inside
of the seed swell up and burst through the seed coat. If temperatures are warm enough, the
cells of the embryo inside the seed begin to divide and the
embryo grows. e tiny embryo continues to use the stored
food inside the seed to grow and breaks through the seed
coat. e embryo sprouts roots and is now a new plant. is
sprouting of the new plant is called germination.
The roots of the new plant take in water and minerals
from the soil that the plant uses to grow. As the stem grows
upward, leaves appear. Leaves help the plant to make its
own food by photosynthesis, which helps the plant grow
into an adult plant. Later, the adult plant develops flowers,
the flowers develop seeds, and the cycle begins again.
Inside the tough coating of a conker is a delicate
embryo, ready to grow.
Stages of germination in a seed.

Examining a Bean Seed
Materials: One bean seed, a
cup of water, one magnifying
glass
Method: Soak the bean seed in
water overnight. Remove the
seed from the water and
examine the soaked bean seed.
Remove the seed coat and note
its thickness. Carefully separate
the two halves of the bean
seed with your fingernail. Can
you find the embryo inside?
Draw a picture of the inside of
your seed. Can you find the
stored food?
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The growing embryo breaks
through its seed coat and sprouts
roots. The roots grow bigger,
pushing the new plant above
ground. The plant grows
leaves that help it make
its own food as an adult.
This one could grow
into a neem tree.
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Monocots and Dicots
There are two kinds of flowering plants: monocots and dicots. Grass is an example of a
monocot. If you plant a grass seed and water it, in a few days a single seed leaf will break
out of the seed and push its way through the soil. This seed leaf is called a cotyledon [cotilly-don]. Because each grass seed produces only one cotyledon, grass is called a
monocotyledon, or monocot for short. (The word ‘monocotyledon’ means ‘one-seed leaf ’.)
If you plant a bean seed, it will send up two seed leaves. That’s why bean plants are
classified as dicots, or plants with two seed leaves.
There are other differences between monocots and dicots, too. The total number of
flower parts on a monocot is often a multiple of three. So a monocot flower might have
three petals, or six, or nine. By contrast, the total number of flower parts on a dicot is
often a multiple of four, like eight or twelve, or a multiple of five, like ten or fifteen.

MONOCOTS

One cotyledon

Long narrow leaves
with parallel veins

Flower parts usually in
multiples of three

DICOTS

Two cotyledons

Broader leaves with
net-like veins

Flower parts usually in
multiples of four or five

This diagram shows some distinguishing features
of monocotyledons and dicotyledons.
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Monocots usually have long narrow leaves, with veins running parallel to one another.
Dicots tend to have broader leaves with veins that look like nets.
Grains like wheat, maize and rice are all monocots, as are some flowers, like lilies and
tulips. Most fruits and vegetables are dicots, as are many garden flowers.

Reproduction in Animals
Most animals reproduce sexually. Just as plants produce male and female gametes, so do
animals. In animals, the male gametes, or sperm, are produced in special organs called the
testes, while the female gametes, or eggs, are produced by ovaries. In some simpler animals
– earthworms, for example – the sperm- and egg-making organs are in one creature. But in
most animals, male and female gametes are made by separate male and female individuals.
If the sperm and egg join outside the bodies of the parents, the process is called external
fertilisation. When the sperm and egg join inside the body of the female, as with humans,
it is called internal fertilisation. (See page 326.)
Have you ever seen a film of fish spawning? Spawning is a form of external fertilisation.
During spawning, female fish and male fish come very close together in the water. The
female releases her eggs into the water and the male releases his sperm. The sperm swim
to the eggs and fertilise them.

Ovary with eggs

Testes

Eggs

Sperm is
released

During spawning season, adult fish release eggs and sperm
into the water, where fertilisation takes place.
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Egg

Ovary

Birds and also mammals like horses and humans
reproduce by internal fertilisation. The female
releases an egg from her ovary, and it travels
down a tube that leads from the ovary. During
mating, the male releases sperm inside the female.
The sperm travels to the tube where the egg is
located and fertilises it. If no sperm joins an egg,
it is unfertilised, and it leaves the female’s body.

Development of the Embryo
Once the egg is fertilised, it is called a zygote
[ZYE-goat]. The zygote begins to divide and
grow, and after several days or weeks, depending
on the animal, it becomes an embryo. An embryo, remember, is a developing organism.
In most mammals, the embryo develops inside the mother’s body in an organ called the
uterus [YOO-ter-us}. The zygote travels down the Fallopian tube from the ovary and
attaches to the wall of the uterus. The developing embryo gets its food and water from the
mother. In the later stages of development, the embryo is called a foetus. When it has
developed enough to live outside the mother’s body, the foetus is born.
The amount of time it takes an animal to develop before birth depends on the species.
Horses take eleven months to develop inside their mothers. Sheep take only five months.
It takes a human embryo nine months to develop.

Have You Ever Seen a Koalaroo?
What makes a species? Scientists use information about reproduction
along with other information to classify organisms into smaller and
smaller groups. One very important group is called a species. For
species that reproduce sexually, members of a species usually mate and
produce offspring only with other members of the same species. For
example, when a female koala bear mates and produces a baby koala
bear, we know that her mate must have been a male of the same
species. Koala bears do not and cannot mate with kangaroos and
produce young; that means koalas and kangaroos are different species.
And that’s why you’ve never seen a koalaroo!
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Care and Growth of Young
Diﬀerent species have diﬀerent ways of looking aer their
young. Fish do not take care of their young at all. Nor do sea
turtles. Female sea turtles lay 50 to 100 eggs in a hole in the
sand and then return to the ocean. eir young hatch, crawl
out of their nest, and crawl to the sea with no protection or help
from their mothers. Before reaching the ocean they are oen
eaten by hungry gulls or crabs. If they do reach the water, they
may be swallowed by hungry fish. But because the sea turtle
lays so many eggs, there is a chance some of them will survive.
A newly hatched turtle has to find its own way to
the sea.
Other newborn animals are cared for by one or more parents until they can survive on
their own. Usually, birds tend their young until they are old enough to fly. Lion cubs stay
with their parents for about four years, until they are old enough to defend themselves
and to find food. Humans stay with their parents even longer.

Growth Stages
The development of an organism
from birth through reproduction to
death is called the life cycle. Usually
there are noticeable stages of
development during an organism’s
life cycle. During the life cycle of a
horse, reproduction occurs inside the
mother when egg and sperm unite,
and an embryo develops. The embryo
grows into a foetus, which looks
almost like a full-grown horse in
miniature. Soon after birth, when he
Fertilisation and much of the
can stand, the young foal drinks milk
development of the young horse
from his mother’s teat. After a year,
takes place within the mother’s body.
the foal no longer needs his mother’s
milk and eats grass beside her. In four years it is a mature horse.
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The Human Body
Human Growth Stages
Humans also show stages in their growth. You developed into an embryo and then a foetus
inside your mother’s uterus. When you were a newborn baby, also called an infant, you
were bottle-fed or you drank breast milk. You grew and developed fairly rapidly until,
when you were about a year old, you learnt to walk. Between the ages of eight and
seventeen, most of you will experience a period of rapid growth, and your bodies will
begin changing as you reach puberty, the age at which you become capable of reproducing.
By age twenty-one, you will stop growing. At about forty, your metabolism will begin to
slow down, and at sixty or later, you will reach old age.

Toddler

Child

Teen

Young adult

Adult

Middle Age Old Age

Adolescence and Puberty
The period of growth and change in the human body that occurs between eight and
seventeen is known as adolescence [add-oh-LESS-ense]. During adolescence, powerful
chemicals called hormones are released into the bloodstream from glands in your body.
These hormones cause physical, mental and emotional changes. The process usually
begins earlier in girls than it does in boys.
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As an adolescent, you may experience an increase in your appetite; you may be hungry
all the time. You may also require more sleep at night. Some people experience a very
rapid change in height and weight, sometimes called a ‘growth spurt’. Their muscles and
bones get larger, and their favourite clothes don’t fit anymore. They may feel awkward,
because their hands and feet are growing faster than the other parts of their body.
Girls start to develop breasts, and their hips begin to round out. Boys’ shoulders widen,
and their voices change, sometimes cracking as they begin to deepen. Both boys and
girls grow hair under their arms and around their genitals. These changes are normal and
they happen to every human being, though there is variation in the age at which people
begin adolescence.

The Human Reproductive System
The changes in a person’s body during adolescence are in preparation for puberty, the
time when male and female humans are able to produce children. Human reproduction
is very similar to reproduction in other mammals. In females, an egg cell is released each
month from one of two ovaries. The egg then passes into one of the Fallopian [fall-OHpee-an] tubes, where it could be fertilised by sperm from a male. If it is not fertilised, it
passes into the uterus and then out of the body along with the lining of the uterus. The
uterus lining and egg pass through the vagina on their way out of the body. This monthly
process of shedding the egg and the lining of the uterus is called menstruation [men-strooAY-shun] from the Latin word mensis, meaning ‘month’.
How does the sperm reach the egg in the Fallopian tube? First we need to learn about the
male reproductive organs. Sperm are produced in the testes [tes-tees], egg-shaped glands
that are contained in a pouch of skin, the scrotum, which hangs below the penis. e sperm
travel through tubes in the testes in a whitish
fluid called semen [sea-men]. When the male
is sexually aroused, the semen exits the male’s
body through the urethra, a tube in his penis.
During sexual intercourse, the male places
his penis inside the female’s vagina. The
semen shoots out of his penis and into her
vagina, and the sperm swim toward her
uterus. After reaching the uterus, they swim
toward the Fallopian tubes, where one sperm
cell breaks through the egg’s outer covering
and then fuses with the egg and fertilises it.
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The reproductive parts of a human female
Fallopian
Tube
Ovary
Uterus
Cervix
Vagina

The reproductive parts of a human male

Urethra
Penis
Testis
Scrotum
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If the egg is fertilised, it develops into
a zygote, which travels down the
fallopian tube and implants itself in the
wall of the uterus. Once this happens, we
say the woman is pregnant. In the
uterus, the zygote grows into an embryo
and further develops into a foetus. e
foetus grows inside the mother for nine
months until it has developed enough to
live in the outside world. At that point,
the mother’s uterus pushes the foetus
out of her body. e process of pushing
the baby out is called labour and delivery.
Sometimes the baby is delivered by
caesarean section, an operation in which
a cut is made in the abdomen and the
uterus and the baby is removed through
this incision.

This ultrasound picture shows a
baby in its mother’s womb. You can
see the baby’s foot and head.

A mother with her baby

M

Once it is born, a human baby needs
constant care and attention. Human
infants need an adult to take care of
them, to feed them and keep them safe.

The Endocrine System
Earlier you learned that the changes that take place during
puberty are caused when glands inside the body secrete
hormones into the bloodstream. Humans have two
different kinds of glands: duct glands and ductless glands.
Duct glands secrete their products outside the body or
directly into the digestive system. Sweat glands are an
example. When you run around or play sports, your sweat
glands secrete perspiration outside your body to help keep
you cool.
M
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Sweat glands help keep us cool when we exercise.
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Ductless glands also secrete chemicals, but they secrete them inside the body. They
secrete hormones that travel through the blood stream, carrying chemical messages to
various parts of the body. These ductless glands are also known as endocrine glands, and
together they make up the endocrine system.

Meet the Glands
The pituitary gland is a tiny gland located at the bottom of the brain, near where the brain
meets the spinal cord. It is sometimes called the ‘master gland’, because it secretes
hormones that tell the other endocrine glands what to do. The pituitary also secretes the
hormone that makes you grow, as well as the hormones that trigger the beginning
of puberty.
The thyroid gland is located in
the front of the neck, just below
the larynx, or voice box. It secretes
a hormone that controls the rate
at which the body burns energy
and uses food.
e pancreas is located behind
the stomach. It is divided into two
parts. One part has ducts, while the
other is ductless. e part with
ducts releases chemicals that help
the digestive system to break down
food. e ductless part secretes
hormones into the blood, including
the hormone insulin, which
regulates how the body uses sugar.
When a person’s pancreas does
not produce enough insulin, that
person has a disease called diabetes.
Fortunately, diabetes can be
treated. Some diabetic people give
themselves insulin injections to
make sure their blood sugar levels
don’t get too high.

Hypothalamus
Thyroid
Pituitary
Heart

Liver

Pancreas

Adrenal
Ovary (female)
Testis (male)
Major endocrine
glands system
with the three
organs they
work with: the
heart, liver and
hypothalamus

337

What Your Year 6 Child Needs to Know

The adrenal glands are small glands located above the kidneys. They give off a hormone
called adrenaline that speeds up the heart and allows blood to flow more rapidly to muscles
and the brain. If you’ve ever become scared or angry and felt your breathing and heart
rate speed up, you’ve experienced what people call an ‘adrenaline rush’. This is your body’s
way of getting you prepared for an emergency situation in which you will need extra
energy or courage, like trying to win a race or perform in the school play.

The Lives of Famous Scientists
Carl Linnaeus (1707–1778)
Earlier you learnt how scientists classify living things and give them special scientific
names, using the Latin language. The man who did more than anyone else to develop this
system of classification was the Swedish scientist Carl Linnaeus.
Linnaeus was born in 1707. His father and
grandfather were priests and they hoped that
Carl would follow in their footsteps.
However, from an early age young Carl was
more interested in plants than religion. In his
mind, however, religion and nature were
closely connected. He believed that God had
created the world and all the plants and
animals in it, so by studying these wonderful
creations, he was learning about God.

Carl Linnaeus

Linnaeus went to school to become a
doctor. This allowed him to learn even more
about plants, because many medicines came
from plants. He began travelling around
gathering unusual plants. Once he had a
large collection, he set about organising it. In
the process, he developed a new, improved
way of classifying plants.

In 1735, Linnaeus published the work that made him famous. It had a Latin name:
Systema Naturae, which means The System of Nature. In this book he laid out a
classification system for all living things.
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Linnaeus gave the various species he identified two names, a genus name and a species
name. The genus name was more general. For instance, both the lion and the tiger were
members of the genus Felis, which is Latin for ‘cat’. But the lion was Felis leo, the tiger
Felis tigris. Linnaeus also developed larger categories called orders, classes and kingdoms.
Do you know which species you belong to? It is Homo sapiens. Homo is the Latin word
for human being; sapiens is the Latin word for wise. You are Homo sapiens because you
are a person who can think about yourself and the world around you. Although scientists
have adapted Linnaeus’s system over the years, much of it is still used today.
Linnaeus became a professor at Uppsala University in Sweden. He made expeditions
to different parts of Scandinavia, collecting plants and animals to study. He had some very
enthusiastic students who travelled all over the world collecting specimens for him: one
student went to the American colonies, another to Japan. Two visited Australia and the
South Pacific with Captain Cook. Each time a student returned to Sweden with exotic
plants and animals, Linnaeus had additional material to make his book bigger and better.
By the time Linnaeus died, The System of Nature had expanded to fill several volumes and
his collection of specimens was enormous. This collection was sold to an English botanist
called Edward Smith, who brought it to London where he established the Linnean Society
of London in 1788. The Society continues the work of Carl Linnaeus by making his
collection and library available for scientists to study.

Sir Humphry Davy
(1778-1829)
Do you know the names of the three main areas
of science? We call them physics, chemistry and
biology. They are all ‘science’, but they tell us
about the world we live in in different ways.

Sir Humphry Davy

In Year 4 we read about Sir Isaac Newton who
discovered the theory of gravity and the laws of
motion. He was therefore known mainly as a
physicist. Because he was regarded by many
people as the greatest scientist who had ever lived,
many people thought of physics as the ‘Queen of
the Sciences’. At the beginning of the nineteenth
century, a young man called Humphry Davy
decided that he wanted to be to chemistry what
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Isaac Newton had been to physics. He thought that chemistry was the most important of
the sciences.
Humphry Davy was born in Penzance in Cornwall, where his father was a woodcarver.
When he left school he was sent to an apothecary-surgeon to be trained. (An ‘apothecary’
is what we call a chemist, and in those days chemists also performed surgery on people.)
However, before he had finished his training, Davy was asked to join a group of people
who had set up a laboratory in Bristol to investigate the properties of different gases and
to find out how they could help sick people.
Davy decided that the only way to know what effect gases have on people would
be to breathe them in himself and then make notes of how he felt. He very nearly
died after breathing carbon monoxide, which is poisonous, but he found that when he
breathed nitrous oxide (also known as laughing gas) he felt light-headed and cheerful.
He noticed that his response to pain was not so great, and he wrote up his experiments to
suggest that nitrous oxide could be used as an anaesthetic, to relieve the pain of people
having operations.
The young Davy was then offered a job at the Royal Institution in London, which had
only recently been set up to help farmers to produce more food. Davy began to give
lectures on chemistry which were so popular that Albemarle Street, where the Royal
Institution still has its building, had to be turned into a one-way street on lecture nights
so that horse-drawn carriages would be able to drop off and collect their wealthy owners!
Davy was made professor of chemistry for the Royal Institution at the age of only 22. He
was able to isolate several elements that had not been known before, including potassium,
sodium, calcium and magnesium. What pattern do they make in the periodic table on
page 299?
When Davy was conducting an experiment with nitrogen trichloride, he caused an
explosion and injured himself. He needed an assistant to help him with his experiments
while he recovered, so he hired a young man called Michael Faraday. Faraday had trained
as a bookbinder, but he educated himself by reading the books he was binding. He had
attended some of Davy’s popular lectures at the Royal Institution, so he made
beautifully illustrated notes of these and bound them
into a book, which he sent to Davy. Michael Faraday
We read about
would become another great scientist and he would
Michael Faraday
spend the rest of his life working in the laboratory of
in Year 5.
the Royal Institution, which you can still visit.
In 1815 Davy was asked if he could do something about the terrible explosions in mines,
which were killing many people. The explosions occurred when a gas known as ‘marsh
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gas’ or ‘firedamp’ (we call it natural gas or methane) came into contact with the candles
the miners carried to work by. Davy found that methane only explodes at high
temperatures, so he had the idea of enclosing the flame of the candle inside a tube with
tiny perforations in it. By the time the gas had passed over the surface of the metal, it had
cooled down and did not explode. Davy refused to patent his discovery, which meant that
people could use it free of charge. Soon it was being used in mines all over the world, and
Humphry Davy was regarded as a great benefactor of the human race because of the lives
his invention had saved. He was made a baronet, which means that he was called Sir
Humphry and his wife was called Lady Davy. This was the highest honour awarded to a
scientist at that time. He became President of the Royal Society and was regarded as the
leading scientist of his generation for the rest of his life.

Dorothy Hodgkin (1910 – 1994)
Science is a fascinating subject, and in
the books in this series we have read
about many famous scientists whose
wonderful discoveries have changed
the way in which we live. Some
students find science so interesting
that they decide they want to make it
their career. Have you ever thought
about that?
Several of the famous scientists we
have been reading about have been
women, but for a long time it was
difficult for a woman to become a
scientist, because people used to think
that science was a man’s subject.
One woman who was determined
not to let this stand in her way was
Dorothy Hodgkin.

Dorothy Hodgkin’s portrait was painted
by Bryan Organ.

Dorothy Hodgkin was born in 1910 in Egypt, where her father was an archaeologist.
When World War I broke out in 1914, she was sent back to England to go to school, and
after the war her parents returned as well, living at Beccles in Suffolk. Dorothy went to a
small primary school where she had her first lessons in chemistry, being taught how to
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grow crystals of several chemicals. ‘I was captured for life,’ Dorothy wrote in her
autobiography, ‘by chemistry and by crystals.’
A crystal is a piece of something that is the same all the way through. It is arranged
regularly, like a stack of bricks or like tightly packed marbles in a box. At the very smallest
level, even the atoms or molecules are in the same arrangement. That is what
decides what shape the crystal will be. You know some crystals already.
Grains of sugar and salt are crystals. So are glass,
snow and ice. So is a diamond! If you cut a
We looked at some
big diamond into lots of small diamonds, they
beautiful snowflakes
will all have the same shape, because of their
in Year 1.
crystalline structure.
When Dorothy went to a mixed secondary school, she was told that only the boys were
allowed to study science. She protested until she was allowed to continue with her science
course. Her teachers must have been glad that they let her, because Dorothy went to study
at Oxford University, specialising in crystals.
If you can make a crystal, you can tell something about the arrangement of the atoms
from the shape of the crystal. The atoms are too small to see but you can see the crystal.
Dorothy used x-rays to look more closely at crystals and used an early computer to
calculate the angles. Her computer was much, much slower than anything we use now so
she had to ask it the right questions.
Dorothy worked with other scientists who were investigating the use of penicillin. It
was already known that penicillin was very effective at fighting infections, but no one
knew its structure, so it could not be manufactured. Dorothy wanted to crystallise it, but
it was very hard to create a crystal of penicillin. Eventually she managed to obtain a sample
and to work out the structure of penicillin.
She was later able to do the same
thing for insulin. That is a chemical
made in a person’s pancreas to
reduce the amount of sugar in the
blood. You can see where the
pancreas is in the body on page 337.
Dorothy and her team spent a whole
weekend in their laboratory building
a model of the insulin molecule,
which was very complicated.
Insulin crystals
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Her work with crystals made Dorothy Hodgkin one of the most famous scientists in
the world. The Royal Society awarded her its highest honour, the Copley Medal, and she
is still the only British woman to have won the Nobel Prize for Science.

Sir Tim Berners-Lee (1955 – present)
Have you ever used a computer or a smart-phone to access the Internet? And have you
ever wondered why website codes start with www? The answer is that we owe this
wonderful technology to the genius of Sir Tim Berners-Lee, a British computer scientist
who devised the World Wide Web.
Tim was born in London in 1955. His parents were mathematicians who worked on
the very first commercial computer, the Ferranti Mark 1. When he was a boy, he loved
trainspotting, and he began to learn about the basics of electronics by playing with a model
railway. When he was older he went to Oxford University to study physics. In his spare
time he used an old television set to make his very own computer.
He graduated with a first-class degree and started working at Plessey, a
telecommunications company. His job was to create software which is the coding that
goes into computers, rather than the physical nuts and bolts.
Next Tim started working at CERN (the European Organisation for Nuclear Research),
a huge laboratory for studying small particles like atoms and electrons, which you met on
page 296. Tim’s fellow scientists worked in different towns and different countries and he
wanted to be able to share ideas quickly, so he came up with hypertext. In hypertext,
clicking one set of words (a link) would take his colleagues to another set of words. This
system, called ENQUIRE, worked like a giant internet dictionary.
It wasn’t until 1989 that Berners-Lee and Robert Cailliau proposed to make a universal
hypertext system, the World Wide Web. This would use a computer language called
Hypertext Markup Language, which we know as ‘HTML’. You type an HTML address
when you want to access a website. Berners-Lee also came up with the idea of browsers,
which are programs we use to ‘read’ HTML such as Internet Explorer or Mozilla Firefox.
He made his invention freely available to everyone, because he wanted people to be able
to communicate with each other more easily.
The web is not the same as the Internet. Instead, the web is an application – it uses the
internet like a car uses roads, or a hair-drier uses the electricity grid. Berners-Lee imagined
that his system would be available throughout the world for communicating and
developing ideas. In 1994 he set up the World Wide Web Consortium (W3C) which aims
to improve the web’s ability to deliver its full potential. He also founded the World Wide
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Web Foundation in 2009 to promote free technology access, social power and democracy
across the world.
He is often called the Father of the Web and Queen Elizabeth knighted him in 2004
in recognition of his great achievement. He appeared at opening ceremony of the
2012 London Olympics, in which he worked on an old computer and tweeted: ‘This is
for everyone’.

Sir Tim Berners-Lee unveiled a plaque near his home to mark his
great achievement.
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Suggested Resources
Books
Super Science: Human Body by Rob Colson (Franklin Watts) 2013
How to Build a Human Body by Tom Jackson (Scholastic) 2013
How to Make a Universe with 92 Ingredients by Adrian Dingle (Scholastic) 2011
What’s Chemistry All About? by Alex Frith and Lisa Gillespie (Usborne) 2012
The Way Science Works by Robin Kerrod (Dorling Kindersley) 2008
Who Split the Atom? by Jillian Powell (Franklin Watts) 2011
Essential Life Science: Cells by Richard Spilsbury (Raintree) 2014
Variation and Classification by Melanie Waldron (Raintree) 2013
What Makes Me Me? by Robert Winston (Dorling Kindersley) 2010
Science Experiments by Robert Winston (Dorling Kindersley) 2011
See Inside Science by Alex Frith (Usborne) 2006

Online Resources
At-Bristol Science Centre: www.at-bristol.org.uk
Glasgow Science Centre: www.glasgowsciencecentre.org
Museum of the History of Science, Oxford: www.mhs.ox.ac.uk
Natural History Museum London: www.nhm.ac.uk
Royal Institution Christmas lectures: www.richannel.org/christmas-lectures
‘Invigorate, bringing science to life’ at the Royal Society: www.invigorate.royalsociety.org/
Science Museum, London: www.sciencemuseum.org.uk/on-line/energyhall/section6.asp
shows an animated version of Boulton and Watt’s steam engine
ThinkTank, Birmingham Science Museum: www.thinktank.ac
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