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Preface
The rate of technological change we are 
experiencing is unprecedented in human history. 
Science has and will continue to play a vital role in 
this advancement of our species.

Scientists are simply curious people so I encourage 
you, as you learn and in life, to constantly question, 
seek, source and explore new ideas.

Enjoy learning about Science!

 

Cover image: Horse (Equus ferus caballus). The horse has 
evolved over the past 45 to 55 million years from a small 
multi-toed creature, Eohippus, into the large, single-toed 

animal of today. Humans began to domesticate horses 
around 4000 BC, and their domestication is believed to 

have been widespread by 3000 BC.

All experiments must be performed under 
teacher direction in a school science 
laboratory. Teachers must ensure all 
appropriate safety precautions are taken.



Chapter 1

Comparative 
Anatomy

Multi-cellular organisms contain systems of organs 
that carry out specialised functions that enable 
them to survive and reproduce.

At the end of this chapter you will be able to:

• compare similar systems in different organisms 
such as digestive systems in herbivores and 
carnivores, respiratory systems in fish and 
mammals.

• identify the organs and overall function of a 
system of a multicellular organism in supporting 
the life processes.

• describe the structure of each organ in a system 
and relating its function to the overall function of 
the system.

• examine the specialised cells and tissues involved 
in the structure and function of particular organs.

Movie 1.1 Comparative Anatomy Introduction



Large multicellular animals like humans are very complex. With a 
human body being made up of approximately 40 trillion cells, 
many different processes need to be coordinated and controlled 
to ensure survival.

Therefore, 
humans (like 
other large 
animals) consist 
of a number of 
body systems 
that carry out 
specific functions 
necessary for 
sustaining life.

There are many 
different systems 
in our bodies and 
they all play 
different roles. 
Some of the 

human body systems are:

SKELETAL SYSTEM

Our bodies are supported by the skeletal system, which 
consists of 206 bones that are connected by tendons, 

ligaments and 
cartilage. The 
skeleton not only 
helps us move, 
but it's also 
involved in the 
production of 
blood cells and 
the storage of 
calcium. The 
teeth are also 
part of the 
skeletal system, 
but they aren't 
considered 
bones.

Section 1

What are our body systems?
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From left to right: The skeletal system, the nervous system, the circulatory system, the 
respiratory system, the digestive system and the muscular system.

Image 1.1 Human Body Systems



NERVOUS SYSTEM

The nervous system controls both voluntary action (like 
conscious movement) and involuntary actions (like breathing), 
and sends signals to different parts of the body. The central 
nervous system includes the brain and spinal cord. The 
peripheral nervous system consists of nerves that connect every 
other part of the body to the central nervous system.

CIRCULATORY SYSTEM

The job of the circulatory system is to move blood, nutrients, 
oxygen, carbon dioxide, and hormones, around the body. It 
consists of the heart, blood and blood vessels, like arteries and 
veins.

DIGESTIVE SYSTEM

The digestive system consists of a series of connected organs 
that together, allow the body to break down and absorb food. It 
includes the mouth, oesophagus, stomach, small intestine, large 
intestine, rectum, and anus. The liver and pancreas also play a 
role in the digestive system because they produce digestive 
juices.

ENDOCRINE SYSTEM

The endocrine system consists of glands that secrete hormones 
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The circulatory system is the transport system of the body. Blood 
vessels coloured red here take blood away from the heart, blue vessels 
bring it back to the heart.

Gallery 1.1 Human body systems



into the blood. These 
hormones, in turn, travel 
to different tissues and 
regulate various bodily 
functions, such as 
metabolism, growth and 
sexual function.

RESPIRATORY SYSTEM

The respiratory system 
allows us to take in vital 
oxygen and expel carbon 
dioxide in a process we 
call breathing. It consists 
mainly of the trachea, the 
diaphragm and the lungs.

IMMUNE SYSTEM

The immune system is 
the body's defence 
against bacteria, viruses 
and other pathogens that 
may be harmful. It 
includes lymph nodes, 
the spleen, bone marrow, 
the thymus and white 

blood cells.

LYMPHATIC SYSTEM

The lymphatic system 
includes lymph nodes, 
lymph ducts and lymph 
vessels, and also plays a 
role in the body's 
defences. Its main job is 
to make and move 
lymph, a clear fluid that 
contains white blood 
cells, which help the 
body fight infection. The 
lymphatic system also 
removes excess lymph 
fluid from bodily tissues, 
and returns it to the 
blood.

MUSCULAR SYSTEM

The body's muscular 
system consists of about 
650 muscles that aid in 
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Image 1.2 The human respiratory system



movement, blood flow and other bodily functions. There are three 
types of muscle: skeletal muscle which is connected to bone and 
helps with voluntary movement, smooth muscle which is found 
inside organs and helps to move substances through organs, and 
cardiac muscle which is found in the heart and helps pump blood.

URINARY SYSTEM

The urinary system helps eliminate a waste 
product called urea from the body, which is 
produced when certain foods are broken down. 
The whole system includes two kidneys, two 
ureters, the bladder, two sphincter muscles and 
the urethra. Urine produced by the kidneys travels 
down the ureters to the bladder, and exits the body 
through the urethra.

INTEGUMENTARY SYSTEM

The integumentary system, or skin system, is the 
body's largest organ. It protects us from the 
outside world, and is our first defence against 
bacteria, viruses and other pathogens. Our skin 
also helps regulate body temperature via 
perspiration. In addition to skin, the integumentary 
system includes hair and nails.

REPRODUCTIVE SYSTEM

The reproductive system allows humans to reproduce. The male 
reproductive system includes the penis and the testes, which 
produce sperm. The female reproductive system consists of the 
vagina, the uterus and the ovaries, which produce eggs. During 
conception, a sperm cell fuses with an egg cell, which creates a 
fertilised egg that implants and grows in the uterus.

Image 1.3 The integumentary system is composed of our skin
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QUESTIONS

1. Create a table to summarise at least four body systems and their function.
2. Pick any two body systems and create a Venn diagram to compare and 

contrast their features.
3. Decide which of the body systems listed in this book is the most 

important to maintain survival. Justify your choice.
4. Decide which of the body systems listed in this book is the least important 

to maintain survival. Justify your choice.
5. Write a list of the following organs along with the body system they are a part of: Lungs, 

Kidney, Skin, Stomach, Brain, Heart, Uterus. 7

PROJECT - A layer of systems

Imagine you have been asked to visit a class of students 
only two years younger than yourself to give them a brief 
introduction to human body systems. As part of your 
presentation you will be showing them a body systems 
model.

You will need to create a ‘layered’ model of the human 
body to illustrate at least three body systems.

You should be able to somehow ‘peel back’ each layer to 
reveal the one underneath it.

You model may be two or three dimensional and should 
also:

- Be at least A3 in size.
- Show the important parts of your chosen body systems 

and have them labelled with their name and their function.
- Have a main heading.
- Be bright, colourful and interesting to look at.

Movie 1.2 Human Body Systems



For animals to stand upright or move they need something to 
support them. This support is 
provided by the skeletal system.

Skeletal systems come in many 
different forms. Humans have a 
skeleton inside of their body made 
up of bones. Skeletons inside an 
organism are called 
endoskeletons. Insects and 
crustaceans have skeletal 
systems on the outside or their 
bodies called exoskeletons. 
Organisms like earthworms or 
jellyfish do not have bones inside 
them or hard plates on their 
surface. They have skeletons 
made up of fluids inside of tubes 
within their bodies. These fluid 
skeletal systems are called 
hydrostatic.

Protection and support are the two big reasons that organisms 
have skeletal systems. In many 
organisms, the skeleton also works 
very closely with the muscular 
system to help them move. 
Without the bones of the human 
skeletons, we would simply be a 
blob of water-filled tissues. Our 
bones create a framework to which 
our muscles and organs can 
connect. Our skeleton also plays a 
role in protection, especially in our 
head. The bones of our skull 
protect our all-important brain. Our 
ribs protect most of our internal 
organs from impact as well. Other 
animals with exoskeletons receive 
obvious protection from their 
skeleton. Crabs and insects have 
hard shells made of chitin to 
protect their entire bodies. 

Section 2

How are organisms supported?
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Image 1.4 A cicada climbs out of its exoskeleton which 
remains attached to the tree.



THE HUMAN SKELETAL SYSTEM

The human skeletal system does not work alone. Muscles 
connect to your skeleton and they contract and move the 
skeleton (and you) along. Your skeletal system is made up of 
cartilage and calcified bone that work together. They help the 
process of movement happen in a smoother manner. The 
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Jellyfish have have limited control over movement, but can use 
their hydrostatic skeleton to navigate through pulsations of their 
bell-like body.

Image 1.5 White-spotted jellyfish

A mouse has an endoskeleton like other mammals.

Interactive 1.1 Mouse skull and part of upper 
body

Movie 1.3 Comparing Skeletal Systems



calcified bones of your skeleton also work with the circulatory 
system. Marrow inside of your bones helps produce the cells 
inside of you blood. Both red blood cells and white blood cells 
are created in your bones.

Joints occur where two bones meet. They make the skeleton 
flexible — without them, movement would be impossible. 
Ligaments link bones together at a joint.

There are three kinds of freely movable joints that play a big part 
in voluntary movement:

• Hinge joints allow movement in one direction, as seen in the 
knees and elbows.

• Pivot joints allow a rotating or twisting motion, like that of the 
head moving from side to side.

• Ball-and-socket joints allow the greatest freedom of movement. 
The hips and shoulders have this type of joint, in which the 
round end of a long bone fits into the hollow of another bone.

The human skeleton is composed of 300 bones at birth and by 
the time adulthood is reached, some bones have fused together 
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   Animation 3.1 Bones of the human arm.

Humerus (upper arm bone) Radius (forearm on thumb side of the 
hand)

Ulna (forearm on little finger side of the 
hand)



to give a total of 206 bones in the body.

Some well know human bones include: 
- The femur, tibia and fibula of the legs.  
- The humerus, radius and ulna of the arms. 
- The ribs of the ribcage.  
- The vertebrae of the spine.  
- The cranium (or skull) and mandible (or jawbone). 
- The hip bone. 
- The metacarpals and phalanges of the hands and feet.

While human bones are 
very strong they can 
still be broken. There 
are different types of 
bone fractures:

Greenstick fracture - 
where a bone bends 
and cracks but is not 
broken completely.

Simple fracture - where 
a bone is broken right 
across but stays inside 
the skin.

Compound fracture - 
where the broken ends of the bone stick out through the skin.

Image 1.6 
The human 
skeletal 
system
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Image 1.7 
Human leg 
bones



QUESTIONS

1. List at least five different animals that have an endoskeleton, 
exoskeleton and hydrostatic skeleton (you may need to 
research your answer).

2. Create a Venn diagram to compare and contrast 
endoskeletons with exoskeletons.

3. Research an example of a human bone that is formed by the 
fusing of one or more bones during childhood development.

4. Find out the ‘common names’ of the following human bones: 
mandible, clavicle, phalanges, patella, carpals and cranium.

5. Explain how the bones of the human leg and the arm are 
similar.

6. Find out what arthritis is and what it has to do with joints.
7. Find out what osteoporosis is, what causes it and what it’s 

symptoms are.
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   Animation 3.2 Human joints

   Knee	 	 	 	 	 Shoulder	 	 	 	     Hand	 	 	 	 	 Ankle	 	 	 	        Elbow

Movie 1.4 The Human Skeleton



EXPERIMENT: HOW HARDY ARE DIFFERENT SKELETONS? 
[To be performed under teacher direction in a science laboratory]

Aim: To discover how hardy and durable the skeletons of different 
organisms are when exposed to various liquids.

Materials: Chicken bones, crab and/or lobster and/or crayfish shell, snail 
shell, sea shell, hydrochloric acid, vinegar, coke, lemon juice, water, beakers 
or cups.

Method:
1. Observe the various skeletal structures and gently try bending them.
2. Put each skeletal structure into a different beaker and cover them with one 

of the liquids.
3. Repeat for a number of different liquids (or share your results with other 

class members).
4. Let the skeletal structures sit in the liquid for at least 3 days.
5. After 3 days remove the skeletal structures.
6. Rinse the skeletal structures off, make new observations and try bending them again.

Results: 
Create a series of tables to describe the structure, bend-ability, colour and shape of the 
skeletal structures before and after the experiment. Before and after diagrams or photos 
may be helpful.

Discussion:
• Explain what you observed during this experiment. Which skeletal structure faired the 

best and worst? Try to explain any differences.
• Did anything surprise you during this experiment?
• Considering the results of this experiment, discuss the implications for your teeth when 

drinking cola beverages.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.
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Muscles move cows, snakes, worms and lobsters. Muscles 
move you! Without muscles you couldn't open your mouth, 
speak, shake hands, walk, talk, or move your food through your 
digestive system. There would be no worms wriggling, no 
cheetahs running and no fish swimming. Animals couldn't move 
anything inside or outside them. The fact is, without muscles, 
animals wouldn't be alive for very long! 

THE HUMAN MUSCULAR 
SYSTEM

Our bodies are made up of a 
variety of very large and very 
small muscles. From the powerful 
leg muscles that you use when 
you jump up and down to the tiny 
muscles that make your eyes 
blink, anytime you move, you are 
using muscles. In fact, as you 
read this you are using muscles to 

move your eyes back and forth.

Even when you sit perfectly still, there are muscles throughout 
your body that are constantly moving. Muscles enable your heart 
to beat, your chest to rise and fall as you breathe, and your 
blood vessels to help regulate the pressure and flow of blood 
through your body. When we smile and talk, muscles are helping 
us communicate, and when we exercise, they help us stay 

physically fit and healthy.

There are approximately 639 
skeletal muscles in the human 
body and on average, probably 
40% of your body mass is 
muscles (An average adult male is 
made up of 42% of skeletal 
muscle and an average adult 
female is made up of 36% (as a 
percentage of body mass)).

There are three types of muscle 
tissue recognised in vertebrates:

Section 3

How do organisms move?
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The cheetah uses its muscles to run faster than any other land animal— 
as fast as 112 to 120 km/h. It also has the ability to accelerate from 0 to 
100 km/h in three seconds..

Movie 1.5 The cheetah (Acinonyx jubatus)



• Skeletal muscle or 
‘voluntary muscle’ is 
joined onto bone by 
tendons and is used 
to cause movement 
such as walking and 
maintaining posture. 
Though this postural 
control is generally 
maintained as an 
unconscious reflex, 
the muscles 
responsible react to 
conscious control like 
non-postural 
muscles. The cells of 
skeletal muscles can 
be very long, 
sometimes over 30 
cm, and can contain 
many different nuclei.

• Smooth muscle or 
‘involuntary muscle’ 
can be found 
throughout your 
body, including in 

your stomach, in your blood vessels, in your digestive 
system, and in your eyes. They are used to move food 
through your digestive system, regulate blood flow, and 
decrease the size of your pupils when there is too much 
light. Smooth muscle is also found within the walls of 
organs and structures such as the oesophagus, 
stomach, intestines, bronchi, uterus, urethra, bladder, 
blood vessels, and the arrector pili in the skin (in which it 
controls erection of body hair). Unlike skeletal muscle, 
smooth muscle is not under conscious control.

•Cardiac muscle is also an ‘involuntary muscle’ but is 
more alike in structure to skeletal muscle, and is found 
only in the heart. Its rhythmic, powerful contractions 
force blood out of the heart as it beats.
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The body contains three types of muscle tissue: 
(a) skeletal muscle, (b) smooth muscle, and (c) 
cardiac muscle.

Image 1.8 Muscle types

Movie 1.6 Types of Muscle



Image 1.9 The human skeletal muscular system
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The movements your muscles make are coordinated and 
controlled by the brain and nervous system. The involuntary 
muscles are controlled by structures deep within the brain and 
the upper part of the spinal cord called the brain stem. The 
voluntary muscles are regulated by the parts of the brain known 
as the cerebral motor cortex and the cerebellum.

A few of the major muscles in humans include:

• In each of your shoulders is a deltoid muscle. Your deltoid 
muscles help you move your shoulders every which way — 
from swinging a softball bat to shrugging your shoulders when 
you're not sure of an answer.

• The pectoralis muscles are found on each side of your upper 
chest. These are usually called pectorals, or pecs, for short. 
When many boys hit puberty, their pectoral muscles become 
larger. Many athletes and bodybuilders have large pecs, too.

• Below these pectorals, down under your ribcage, are your 
rectus abdominis muscles, or abdominals. They're often called 
abs for short.

• When you make a muscle in your arm, you tense your biceps 
muscle. When you contract your biceps muscle, you can 
actually see it push up under your skin.

• Your quadriceps, or quads, are the muscles on the front of 
your thighs. Many people who run, bike, or play sports 

develop large, strong quads.

• And when it's time for you to take a seat? You'll be sitting on 
your gluteus maximus, the muscle that's under the skin and fat 
in your bum!
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QUESTIONS

1. Give an example of a skeletal, a smooth and a cardiac muscle.
2. Decide whether skeletal muscle or smooth muscle is more 

important to your survival, justify your answer.
3. Find out how many muscles you have in your face.
4. Find out which muscle is the biggest in the human body.
5. What is the difference between muscle hypertrophy and muscle 

atrophy? You may need to research your answer.

Movie 1.7 The Human Muscular System



EXPERIMENT: DISSECTING CHICKEN APPENDAGES?  
[To be performed under teacher direction in a science laboratory]

Aim: To discover how the muscles, tendons and bones of chicken wings and 
legs work and to find out how similar they are to human arms and legs.

Materials: Chicken wings, chicken thigh and leg still attached, dissecting board 
covered in newspaper, scalpel, scissors, tweezers, plastic bag, gloves, lab coat.

Method:
1. Carefully remove the skin from the chicken appendages.
2. Identify the muscles of the appendages and and determine how each one is 

attached to the skeleton. Tendons are shiny white tissues at the ends of the 
muscles that attach muscles to bones. Pull on a tendon to see how it helps 
the chicken move its bones.

3. Look at the elbow and knee joints. Try to identify at least one ligament which 
connect the bones together.

4. Cut the muscles from the bones to reveal the skeletal structure.
5. Draw a detailed labelled diagram of what you can see.
6. Dispose of the chicken appendages in the plastic bags when you have finished.

Results: 
Create a list of interesting observations and include your detailed and labelled 
diagrams of the chicken appendages.

Discussion:
• Explain what you observed during this experiment.
• Did anything surprise you during this experiment?
• Explain the similarities and differences between chicken appendages and human 

appendages.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.
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PROJECT - What are injuries?

Most of us have had a serious injury during physical activity or we know 
someone who has been injured while playing sport or dancing, etc.

Often when people are injured they simply do not have the knowledge or 
understanding of what has happened to their bodies to cause the pain.

Your task is to create a poster, information booklet or movie to explain an injury 
of your choice. You can choose any injury that affects the skeletal system or 
the muscular system. For example, a broken bone, torn ligament, torn muscle.

You work should include:

- Details of the important parts of the body impacted by your injury. Bones, 
tendons, ligaments, joints or muscles.

- Detailed and labelled images of the body parts.
- How the injury affects the normal functioning of the affected body parts.
- How the injury can occur.
- How the injury is treated or fixed. This should include how treatment for your 

chosen injury has improved over time.
- It should also be informative, relevant to people who have been injured and 

interesting.

You must include a bibliography citing all of the sources you used in your 
research.



Every single cell on Earth requires energy to survive. Each and 
every cell obtains this energy via a process called cellular 
respiration. What’s more, every single animal on Earth performs 
a particular type of cellular respiration called aerobic cellular 
respiration.

For aerobic cellular respiration to take place a cell needs to have 
two very important things; sugar from food as well as oxygen. 
Without either of these things the animal cells and then the 
animal would die!

In aerobic cellular 
respiration the sugar and 
oxygen are broken down 
into carbon dioxide and 
water. When this 
happens lots of energy 
is released for the cell to 
use. This process can 
be summarised by the 
word equation:

Sugar (glucose) + Oxygen → Carbon dioxide + Water + ENERGY

So to get energy, and avoid death, animals need to ensure they 
have a regular source of food and as well as the gas oxygen.

While all animals need to obtain oxygen (and get rid of carbon 
dioxide), there are many different ways that they do this.

Some aquatic animals like planaria and small terrestrial animals 
(including some of the smallest spiders, earthworms and mites) 

can ‘breathe’ simply by 
exchanging gases 
through the surface of 
their body.

Most animals are far too 
big to get oxygen simply 
by diffusing it into their 
body tissue from the 
environment. They 
obtain the oxygen 
necessary for their life 
function using 

Section 4

How do living things obtain oxygen?
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Planaria do not have dedicated respiratory organs. Because they are so thin, 
gases simply diffuse into them from the environment.

Image 1.10 A planarian



specialised respiratory organs (or breathing organs). These organs 
come in many forms:

Many aquatic animals, like fish, use gills to breathe. Gills are 
simply layers of tissue adapted specifically to exchange gas. Fish 
gulp in oxygenated water and force it through their gills and then 
out through the gill 
openings while also 
continually pumping 
deoxygenated blood from 
the body into the gill 
filaments. As the 
oxygenated water passes 
by the deoxygenated 
blood, oxygen diffuses into 
the blood in the gills and is 
then pumped around the 
body. The efficiency is 
increased by the blood and 
water flowing in opposite 
directions; this is known as 
a counter-current exchange 
mechanism. Using gills, a 
fish can extract up to 70 
per cent of the oxygen 
dissolved in water.

Some spiders and scorpions use primitive book lungs for 
obtaining oxygen. These are essentially gills adapted for land use. 
Book lungs are a series of very thin, leaf-like structures (like the 
pages in a book). The inside of each leaf is filled with blood, and 
the outside is exposed to air. As air passes over each leaf, oxygen 

enters the blood from the 
air and carbon dioxide 
leaves the blood into the 
air.

Insects, and some other 
invertebrates, exchange 
oxygen and carbon dioxide 
between their tissues and 
the air by a system of air-
filled tubes called 
invertebrate tracheae. 
Trachea are just long tubes 
that run from a slit in the 
exoskeleton, called a 
spiracle, through the body. 
The insect’s normal 
movement provides all of 
the necessary energy to 
push air in and out.

Of course air breathing 
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Indian moon moth (Actias selene) with some of the spiracles identified. 
These openings are where oxygen enters the caterpillar body and carbon 
dioxide leaves it.

Image 1.11 Spiracles on a caterpillar



mammals like humans use lungs to obtain oxygen. A lung is an 
organ made up of tissues which drive the drawing in and 
expulsion of air. This process transports oxygen from the 
atmosphere into the bloodstream and releases carbon dioxide 
from the bloodstream into the atmosphere. The lungs contain 
approximately 2,400 kilometres of airways!

The cells of plants also perform aerobic cellular respiration to 
obtain energy. So just like animals, they need a regular supply of 
oxygen. Plants don’t have specialised respiratory organs, they 
merely have tiny holes in their 
leaves called stomata. The 
function of stomata is to allow 
oxygen, carbon dioxide and 
water vapour to move into and 
out of a leaf as required.
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QUESTIONS

1. Create a similarities and differences table by comparing any two of: gills, 
book lungs, tracheae, lungs or stomata.

2. Using your own words, explain why oxygen is needed by most living things 
and why carbon dioxide must be expelled.

3. Fish gills use a counter-current exchange mechanism to improve their 
efficiency. Find out how penguins use a a counter-current exchange 
mechanism to stay warm.

4. Find out what guard cells are and what they have to do with stomata.

A single stoma in a tomato leaf shown via an 
electron microscope.

Image 1.12 A stoma

ACTIVITY - Observe a 
planaria

Obtain some planaria. Collect 
one with a pipette and create 
a wet mount on a microscope 
slide. Then observe the 
physical characteristics of the 
planarian and create a 
diagram or picture. Estimate 
the size of the animal.

Movie 1.8 Obtaining Oxygen
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EXPERIMENT: DISSECT A FISH  
[To be performed under teacher direction in a science 
laboratory]

Aim: To compare and contrast a fish’s body to a 
human’s. To discover how fish are specifically designed 
for their environment.

Materials: Whole trout or salmon (or other medium 
sized fish), dissecting board covered in newspaper, 
scalpel, scissors, tweezers, plastic bag, gloves, lab 
coat.

Method:
1. Observe the outside of the fish and the features it has 

that makes it suited to its environment. What is the advantage of being dark on top and light on the belly?
2. Carefully cut the fish open using scissors or a scalpel (up from the anus to the bottom of the jaw, taking care not to 

cut into the fish's internal organs).
3. Draw a labeled diagram of the inside of the fish.
4. Investigate the fish’s stomach, intestines, heart, gills, swim bladder and other organs of interest.
5. Dispose of the fish in the plastic bags when you have finished.

Results: 
Create a list of interesting observations and include your detailed and labelled diagrams of the fish.

Discussion:
• Explain what you observed during this experiment.
• Did anything surprise you during this experiment?
• Explain the similarities and differences between you and the fish.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.



All living things need nutrients to survive. While plants have the 
ability to produce their own nutrients via the amazing process of 
photosynthesis, all animals must consume other organisms as 
food.

Once an animal has consumed food it must be broken down into 
small enough molecules to be absorbed into the cells of the 
organism. This process of breaking down food is called 
digestion.

Different animals consume different foods and so their digestive 
systems can be very different. We can categorise animals into 
groups based on the foods they eat. Some animals are 

Section 5

How do living things obtain nutrients?
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Image 1.13 Sharp carnassial teeth of a wolf 

Movie 1.9 The Tale Teeth Tell



herbivores, some 
are carnivores, and 
some are 
omnivores. 
Herbivores consume 
only plants, whereas 
the primary diet of a 
carnivore is other 
animals. Omnivores 
consume both plants 
and animals.

HOW DO THE 
TEETH OF ANIMALS 
VARY?

As different animals 
consume different 
things scientists 
have found that, 
unsurprisingly, the 
skull, jaw and shape 
of the animal's teeth 
are related to its diet. For example, herbivore teeth are usually 
broad and flat and are used to grind plant matter. The front 
incisors are specialised for biting off vegetation, and herbivores 

often lack canine teeth. Herbivores also have many molars for 
chewing and grinding.

Generally, carnivores have pointed incisors and canines designed 
for killing prey and ripping muscle. In carnivores the molars slice 
against each other like scissors and are called carnassial teeth.

Omnivore dentition is relatively unspecialised as compared to 
herbivores and carnivores. They contain teeth designed for biting 
(incisors), tearing (canines), grinding (premolars), and crushing 
(molars).
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Image 1.15 Tigers have large canine teeth to rip into the flesh of their 
prey.

Image 1.14 Human teeth types



HOW DO THE DIGESTIVE SYSTEMS OF ORGANISMS VARY?

Scientists have also found the internal digestive system of 
different animals to vary according to their diet.

Herbivores consume plant matter such as seeds, leaves, and 
fruits. Because some of these materials are hard to digest, 
different herbivores have evolved two different digestive systems. 
The two systems are called foregut fermentation and hindgut 
fermentation. Both methods use special bacteria that live in the 

herbivores digestive system. A major food component of leaves 
and grasses (but not animal tissues) is a molecule called 
cellulose. Animals cannot breakdown this molecule themselves 
so they need the bacteria to do it for them.

In animals that use foregut fermentation the cellulose from the 
plants is broken down before the stomach. The cellulose 
breakdown, or fermentation, occurs in a special chamber called 
the rumen. Animals that have a rumen are called ruminants. 
Ruminants even regurgitate the partially digested food from their 
rumen, known as “cud,” and continue to chew the plant matter to 

26

This rough illustration of a ruminant digestive system shows 
the four-compartment stomach where digestion of tough 
plant material happens.

Image 1.16 Part of the ruminant digestive system

A cow is a ruminant and digests its food using foregut 
fermentation. A horse digests its food via hindgut fermentation.

Image 1.17 Herbivores



break it down further in their mouth. Examples of foregut 
fermenters, or ruminants, include cows, sheep, camels, and deer. 
Camels are known to “spit” when angry, but in actuality, they 
projectile vomit their cud!

In those animals that utilise hindgut fermentation such as rabbits, 
rhinos, and horses, the digestion of cellulose from plants occurs 
after the stomach.

The hindgut fermentation process is less efficient than foregut 
fermentation. As a result, some of these animals practice 
coprophagy (the eating of poo or faeces) to increase the 
absorption from nutrients of the food that has already passed 

through their system. Because this process is not 
efficient, these herbivores have to consume large 
amounts of food to meet their nutritional needs, 
sometimes spending up to 16 hours per day grazing.

Carnivores consume other organisms. Because meat is 
easily digested compared to plant material, the digestive 
system of a carnivore is typically shorter than an herbivore 
of comparable size.

True carnivores also lack enzymes in their saliva to help 
them digest food. They cannot “chew” by moving their 
jaws side to side but instead rip the meat into smaller 
pieces when possible and swallow their food quickly. 
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QUESTIONS

1. Find out the chemical equation for photosynthesis, the process by 
which plants make their own food.

2. Create a three circle Venn diagram comparing 
herbivores, carnivores, and omnivores. Consider 
the diet, teeth structure and digestive systems 
of the three types of animals in your diagram.

3. Describe the main differences between foregut 
fermentation and hindgut fermentation.

4. If you had to pick just one tooth type (incisor, canine, premolar or 
molar) to fill your mouth, which would it be and why?

5. Explain why a carnivore has a shorter digestive system than a 
herbivore.

Movie 1.10 Different ways to obtain nutrients



When the food reaches the stomach, digestive enzymes in the 
stomach begin to break down the food into absorbable units.

Omnivores consume both plant and animal matter. The length of 
their digestive system more closely resembles that 
of an herbivore as compared to a carnivore. 
However, omnivores lack the fermenting vats found 
in herbivores. Examples of omnivores include 
humans, pigs, and bears.

Some single celled organisms also digest food. For 
example, in amoeba the organelles of the cell 
perform functions that in multicellular organisms 
would be performed by tissues, organs or organ 
systems. Food is taken into an amoeba cell to form 
a little vacuole, or sack inside the cell. This 
vacuole then combines with a lysosome, a sack of 
strong digestive chemicals. The food is then 
broken down into its molecular components and 
used to power the cell.
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The Amoeba shown here is engulfing a green algae which it will then 
digest.

Image 1.18 An amoeba ‘eating’



EXPERIMENT: INVESTIGATING TEETH 
[To be performed under teacher direction in a 
science laboratory]

Aim: To uncover the diet of an animal by merely 
observing its skull shape and teeth composition.

Materials: A number a different animal skulls or 
jaw bones with the teeth still attached.

Method:
1. Observe the various skulls and teeth.
2. Draw a labelled diagram or take a picture and 

label it for each skull.
3. After close analysis of the skull and teeth 

decide if the skull belonged to a herbivore, 
omnivore or carnivore. (Note: carnivores have forward-facing eyes while herbivores have 
eyes which face sideways. Herbivores often have a diastema or a 
gap between their front and back teeth).

Results: 
Include your labelled images and your guess as to the type of 
animal each skull was from.

Discussion:
• Explain in detail what you observed during this experiment.
• Did anything surprise you during this experiment?
• Discuss anything you could have done better when performing 

this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.
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Every day some people are born with a structural abnormality of 
an organ, such as a congenital heart defect. On top of that, 
some other people are 
unlucky enough to 
develop a disease or 
illness in their lifetime 
that causes one of their 
organs to fail.

Only a hundred years ago 
organ failure would often 
have resulted in death for 
the sufferer. Fortunately, 
due to amazing advances 
in medical technology, 
today there are many 
ways that doctors are 
able to help those people 
with organ failure.

If a patient is suffering organ failure it is possible to give them an 
organ transplant. Medical technology has advanced to enable 

many different organs to be transplanted. Organs that can be 
transplanted include:

The heart is the hardest 
working muscle in our 
bodies, it never stops 
pumping blood 
throughout the body. And 
just like any muscle, it 
can be subject to fatigue, 
especially if it has been 
weakened by a number 
of cardiovascular 
diseases. A wide range of 
heart diseases may make 
transplantation 
necessary.

The kidneys function as 
our body’s filters, 

cleaning blood of waste and impurities. Inherited kidney diseases 
such as polycystic kidney disease as well as diabetes and high 

Section 6

What if our organs break?
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blood pressure are the most common causes of kidney failure 
requiring transplant. If left untreated, kidney failure can be fatal.

The liver is a large organ in the body. It is a complex organ 
responsible for hundreds of crucial functions such as the 
breakdown of harmful substances in our blood and the 
production of bile that aids in digestion. Most liver transplants 
involve transplanting the entire liver, where the diseased liver is 
removed and replaced with a healthy one. But it is possible to 
transplant part of a liver, as the organ can regenerate itself within 
the body.

A healthy person uses their lungs to breathe at least 12 to 14 
times per minute removing carbon dioxide from the blood and 
exchanging it with oxygen. Lung transplants are recommended 
for those with severe lung disease, such as cystic fibrosis and 
emphysema.

Another way to help patients with organ failure is the use of 
artificial organs.

For example, scientists have been able to develop completely 
self-contained, artificial replacement hearts! Equipped with an 
internal motor, these artificial hearts are able to move blood 
through the lungs and to the rest of the body, simulating the 
rhythm of a heartbeat.

Another example of an artificial organ is a cochlear implant, 
sometimes called a "bionic ear". This is a small, complex 
electronic device that can help to provide a sense of sound to a 
person who is profoundly deaf or severely hard-of-hearing. The 

This artificial heart is fully implantable within a patient.

Image 1.19 An artificial heart
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implant consists of an external portion that sits behind the ear 
and a second portion that is surgically placed under the skin.
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Cochlear implants have an external and a surgically 
implanted internal part.

Image 1.20 Cochlear implant

QUESTIONS

1. Find out what dialysis is and how it helps those 
with kidney failure.

2. Along with the heart, liver, kidneys and lungs; 
find out what other organs are capable of being 
transplanted.

3. Create a table to list the function of each of the 
heart, liver, kidneys and lungs.

4. Do you believe that technology will ever advance 
enough to enable humans to artificially enhance 
their intelligence via some sort of computer 
embedded into the brain? Justify your response.



The earth today is home to millions and millions of different 
species of living things. To enable scientists to keep track of the 
various species they have discovered; and help them understand 
the different features of the species, they classify them into 
different groups.

For example, humans 
belong to a group of 
animals called 
mammals.

Mammals have fur (or 
hair), the females give 
birth to live young, and 
produce milk for their 
offspring. Parental care 
of the young is universal 
among mammals, and it 
is essential because live 
birth limits the number of 
offspring.

Today there are over 5,000 different species of mammal living on 
earth. Yet at some point in time, tens or even over a hundred 
million years ago, there was only one mammal species on earth. 

This common ancestor 
of all present day 
mammals would have 
had some structures 
which ares still found in 
all mammals today.

These common 
structures, like organs or 
bones, that are found in 
different species of 
animals yet which are 
derived from a common 
ancestor are called 
homologous structures.

All the various kinds of 
mammals that live today 
share a common 

Section 7

Extension: Can comparing animals prove evolution?
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The arm, or forelimb, bones of four very different animals show striking 
similarities.

Image 1.21 Four forelimbs



ancestry. Thus they share some homologous structures.

Mammals share the homologous structure of the vertebrae in 
common. For instance, in spite of its height, the giraffe has the 
very same number of neck bones (seven) as a giant whale and a 
tiny human being. This provides evidence that all three animals 
evolved from the one common ancestor.

A whale’s flipper, bird’s wing, dog’s front leg, and the human arm 
are considered homologous structures. Whereas humans have 
bones such as the humerus, ulna, radius, wrist bones, and 
fingers, these features appear as similar bones in the other 
animals. Even though these animals use their forelimb (front limb) 
for different purposes like swimming, flying or walking, the 

similarities in the bone structures shows that they evolved from a 
common ancestor -- the first four-limbed vertebrate, or tetrapod, 
that lived about 395 million years ago.

The tailbone in human beings is so-named because it is a 
homologous structure to the beginning of many animals’ tails, 
such as monkeys. It is known as ‘vestigial’ because it is the last 
vestige of what was once a tail.

Vestigial structures are homologous characteristics that have 
seemingly lost all or most of their original function in a species 
through evolution. For example, whales have small vestigial leg 
bones that are remnants of their land-living ancestors' legs. 
Humans even have some vestigial behaviours and reflexes. The 
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This diagram shows the undeveloped vestigial hind legs of a baleen whale indicating that it evolved from an animal that 
once had hind legs.

Image 1.22 The skeleton of a baleen whale



formation of goose bumps in humans under stress is a 
vestigial reflex; its function in human ancestors was to raise 
the body's hair, making the ancestor appear larger and scaring 
off predators.

Comparing the embryos of different species also provides 
strong evidence of a common shared ancestor. For example, 
in all terrestrial (land based) vertebrates — reptiles, birds and 

mammals — non-functional gill slits are seen in the early 
embryos, a developmental left-over from their aquatic past.
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QUESTIONS

1. Define ‘homologous structure’ and ‘vestigial structure’ in your 
own words.

2. Do you believe that homologous structures or vestigial 
structures or comparing the embryos of different species 
provides the best evidence for evolution. Explain your choice.

3. Try to research the precise number of different species of 
mammals currently living on earth.

In very early development the embryos of different animals show striking 
similarities indicating they share a distant common ancestor.

Image 1.23 Comparative embryology

Movie 1.11 Evidence for Evolution



This shows that the animals are 
similar and that they develop 
similarly, implying that they are 
related and have a common 
ancestor. Over time they 
gradually evolved different 
characteristics, but the basic 
plan for a creature's beginning 
remains the same.

PROJECT - All animals are alike

Imagine you work at a zoo and you have been tasked with informing patrons of the similarities between two animals in 
enclosures next to each other.

All zoos are different so for this task you can pick any two animals to research their similarities. (It might be more 
interesting to pick two very different animals!)

Include the following in your project:

- A detailed diagram showing the common anatomical parts of each animal.
- For at least five common features describe their function to explain why they are useful and have therefore been 

retained by both animals during their evolution.
- Do your animals share any vestigial structures?
- You should have a main heading.
- Be bright, colourful and interesting to look at.
- Details of the most recent common ancestor of your two animals. You will need to research the evolutionary history of 

your animals to discover this.

You may present your project as a brochure, poster, movie, report or other format negotiated with your teacher.
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Section 8

Comparative Anatomy Review
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FURTHER ACTIVITIES

• Obtain some large butchers paper, lay down on it and have 
a friend draw an outline around your body. Then research 
and attempt to draw a life sized diagram of what the inside 
of your body would look like. Make it as accurate as 
possible and make sure your diagram is well labelled.

• Research how genetically similar humans are compared to 
a range of other organisms.

• Consider the nitrogen and methane filled atmosphere, the 
hydrocarbon lakes and very cold temperatures of Saturn’s 
largest moon, Titan. Then design an organism that would 
be capable of surviving there. Your organism would most 
likely need to be completely different from any on Earth and 
rely on something other than cellular respiration for energy!

• Find out what mitochondrial DNA is and why it can be 
useful in studies of evolution.

• Research the ethical issues that arise from organ 
transplantation.

• Investigate the work of Australian scientists such as Fiona 
Wood and Marie Stoner on artificial skin.

Review 1.1 Comparative Anatomy

Check Answer

Question 1 of 40

The body system responsible for 
communicating information to different parts of 
the body is the:

A. The digestive system.

B. The muscular system.

C. The nervous system.

D. The integumentary system.



Thanks

I hope you have enjoyed reading, watching, 
listening and interacting with this book and that you 
have learnt a lot!

As always a special thanks to the most important 
people in my world ... my family.

Thank you also to public domain contributors and 
Wikimedia for some imagery.


