
liFE procEssEs

• Identify the key structural features 
and functions involved in the life 
processes of plants and animals.

• Describe the organisation of life at 
cellular level. 
 
 

EcologY

• Investigate the interdependence of 
living things (including humans) in 
an ecosystem.

Evolution

• Describe the basic processes 
by which genetic information is 
passed from one generation to  
the next.

lEarning ExpEriEncEs

Possible learning experiences for 
this topic include:
• comparing the organs of human 

and non-human animals to 
make observations on physical 
differences and collect data on 
variation

• debating the topic ‘conscientious 
objection – ethical objections to 
animal experiments and dissection 
in the classroom’ to help clarify 
ideas and feelings about a current 
scientific issue.

contExt/sEtting

The practice of dissecting animals 
in the classroom is a controversial 
topic with more and more people 
developing negative attitudes 
towards it. Millions of animals are 
killed and dissected in classrooms 
every year, and many students 
protest at this gross waste of lives 
and conscientiously object to 
undertaking dissection.

In the past, this objection may 
have led to students losing course 
credits or losing their enthusiasm for 
biology altogether. However, with the 
advent of new technology, there are 

increasing opportunities for students 
to learn about animal physiology 
without any bloodshed.

This lesson focuses on learning 
about animal physiology without 
dissecting animals. It provides 
students with resources to learn 
about comparative physiology and 
also an example of how students can 
learn biological processes through 
non-invasive experimentation. 
The aim is to provide students 
with the same (or better) level of 
understanding that they would get 
from dissecting animals. Changing 
attitudes in the classroom is also 
a key point covered, with an entire 
section devoted to conscientious 
objection. Any student who 
undertakes this lesson should be 
able to justify why they object to 
vivisection.

conditions

This is a research activity that will 
be carried out in the laboratory. 
Students will need approximately 
four to six hours to plan, research 
and write up their investigation. 

rEsourcE rEQuirEmEnts

Equipment and materials required:
• nimals & Us Issue 4: Animals  

in Science
• Computer
• Library or internet access.

SCIENCE UNIT OF STUDY 3
g YeArs 9-10  g DUrAtioN 1-2 weeks 

Level of Achievement 5

mAKiNg seNse oF the liViNg worlD

Bodies Apart 
A non-invasive comparative anatomy study
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teAcher gUiDeliNes

At Level 5, science students will 
begin to investigate and interpret 
life processes, ecology and 
evolution using models, scientific 
symbols and conventions. 
Students should at this level be 
able to evaluate the suitability 
of their investigative methods 
and communicate using a wide 
range of science vocabulary. 
By gathering relevant scientific 
information students will draw 
evidence-based conclusions 
in order to develop an 
understanding of socio-scientific 
issues and, particular to this 
science strand, life processes, 
ecology and evolution.

teAcher gUiDeliNes



Two comparative anatomy examples 
are provided in this lesson, 
circulation and breathing.

circulation

When investigating the circulatory 
system you will compare an 
amphibian heart with a human heart. 

Breathing

When investigating the respiratory 
system you will compare avian 
breathing with human breathing.

On completing this investigation you 
should be able to:
• explain processes that occur 

during circulation and respiration 
in frogs, birds and humans

• describe the necessity of life 
functions in frogs, birds and 
humans

• understand the differences in 
circulation and respiration between 
frogs, birds and humans

• demonstrate how differences in 
circulation and respiration between 
frogs, birds and humans affect the 
behaviour of each species

• record personal data relating to 
circulation and respiration and 
compare with that of others 

• identify specific anatomical 
features relating to circulation 
and respiration in frogs, birds and 
humans

• compare anatomical structures 
involved in respiration and 
circulation in frogs, birds and 
humans

• discuss the reasons for 
conscientious objection to animal 
dissection.

There are four sections in this unit.

sEction onE 
comparative anatomy

In section one you will learn about 
the circulatory and respiratory 
systems in frogs, humans and birds. 

1. You will identify the key structures 
of the human and amphibian hearts 
and the human and avian respiratory 
systems.

2. You will describe the differences 
between the circulatory and 
respiratory systems of humans, frogs 
and birds.

sEction tWo 
multi-choice quiz

Section two will test your knowledge 
and understanding of the human, 
avian and amphibian circulatory and 
respiratory systems in a multi-choice 
quiz.

sEction thrEE 
Experiments

In section three you will do some 
experiments where you record 
your own heartbeat and rate of 
respiration. You will compare your 
results with the results of others in 
the class and with other species of 
animals. 

sEction Four 
conscientious objection

Section four explains the concept 
of conscientious objection and the 
range of humane alternatives to the 
use of animals in education.
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stUDeNt iNstrUctioNs
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Bodies Apart 
A non-invasive comparative anatomy study

stUDeNt iNstrUctioNs 

In this unit of study you will 
investigate and describe two key 
structural anatomical features and 
functions in human and non-
human animals: the circulatory 
system and the respiratory 
system. You will also learn the 
reasons behind conscientious 
objection to animal dissection.



KEY:
oxygenated blood
deoxygenated blood
mixed blood

right truncus
arteriosus

right cranial 
vena cava

conus arteriosus

carotid arch

systemic arch

right atrium

ventricle

caudal vena cava

pulmocutaneous
arch

left truncus
arteriosus

left cranial 
vena cava

pulmonary vein

left atrium
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KeY strUctUres oF the Frog heArt

LEfT ATRIUM 
receives oxygenated blood from the 
lungs and skin.

RIGHT ATRIUM 
receives deoxygenated blood from 
the body.

VENTRICLE 
pumps the blood into the body.

CONUS ARTERIOSUS 
carries blood from the ventricle.

LEfT TRUNCUS ARTERIOSUS 
carries blood to the left side of the 
body. 

RIGHT TRUNCUS ARTERIOSUS 
carries blood to the right side of the 
body.

PULMOCUTANEOUS ARCH 
carries deoxygenated blood from the 
ventricle to the skin and lungs.

PULMONARY VEIN 
carries oxygenated blood from the 
lungs to the left atrium.

CAROTID ARCH 
carries oxygenated blood to the 
mouth, pharynx and brain. 

SYSTEMIC ARCH 
carries oxygenated blood to the 
neck, back of the head and forelimbs.

RIGHT CRANIAL VENA CAVA 
returns deoxygenated blood from the 
head and right forelimb.

LEfT CRANIAL VENA CAVA 
returns deoxygenated blood from the 
head and left forelimb.

CAUDAL VENA CAVA 
returns deoxygenated blood from the 
posterior body.

sEction onE

the circulatory and respiratory systems in human and non-human animals

circulation in Frogs

Frog heart

Frogs have a three-chambered heart. These three 
chambers are called the right atrium, left atrium and 
ventricle. The right atrium receives deoxygenated blood 
from the body. The left atrium receives oxygenated blood 
from the lungs and skin (a frog’s skin is unique in its ability 
to ‘breathe’ and participate in gas exchange). 

Blood from both chambers then moves to the third 
chamber, the ventricle. The ventricle pumps blood back to 
the lungs, skin and rest of the body. 

In the ventricle the oxygenated blood (from the lungs and 
skin) is partially mixed with deoxygenated blood (from 
the organs). Therefore, the blood that leaves the ventricle 
for the organs is not saturated with oxygen (as it is in the 
human circulatory system).

This system works well for a cold-blooded animal.

stUDeNt iNstrUctioNs



BodiEs apart SCIENCE | UNIT STUDY 3 | PAGE 4/25

38 / issuE 4 / ANIMALS IN SCIENCE

vena cava

right pulmonary 
veins

left pulmonary
veins

right atrium

right ventricle

caudal vena cava

aorta

pulmonary artery

left atrium

left ventricle

KEY:
oxygenated blood
deoxygenated blood

stUDeNt iNstrUctioNs

KeY strUctUres oF the hUmAN heArt

LEfT ATRIUM 
receives oxygenated blood from the 
lungs.

RIGHT ATRIUM 
receives deoxygenated blood from 
the body.

LEfT VENTRICLE 
pumps oxygenated blood into the 
body.

RIGHT VENTRICLE 
pumps deoxygenated blood into the 
lungs.

VENA CAVA 
carries deoxygenated blood from the 
body to the heart. 

AORTA 
carries oxygenated blood to all parts 
of the body.

LEfT AND RIGHT PULMONARY 
VEINS 
carry oxygenated blood from the 
lungs to the heart.

PULMONARY ARTERY 
carries deoxygenated blood from the 
heart to the lungs.

CAUDAL VENA CAVA 
carries deoxygenated blood from the 
body to the heart.

sEction onE

the circulatory and respiratory systems in human and non-human animals

circulation in humans

human heart

Humans have a four-chambered heart. The four chambers 
are called the right atrium, left atrium, left ventricle and 
right ventricle. The left atrium receives oxygenated blood 
via the pulmonary veins from the lungs. Blood from 
the left atrium then flows into the left ventricle where 
it is sealed in by the left atrioventricular valve. The left 
ventricle contracts, pumping the blood into the aorta 
where it is fed into the body. 

The right atrium receives deoxygenated blood from 
the body via the vena cava. This blood then passes 
into the right ventricle where it is sealed in by the right 
atrioventricular valve. When the right ventricle contracts, 
blood is passed into the pulmonary artery and then into 
the lungs where the deoxygenated blood is cleared of its 
carbon dioxide and reoxygenated. 

arteries

• Arteries carry blood away from the heart. Due to the 
fact that the blood is being pumped by the ventricle at 
high pressure, arteries need to be thicker than veins 
and capillaries.

veins

• Veins are more elastic tubes than arteries and carry 
deoxygenated blood from the body tissues back to the 
heart. 

NOTE: In frogs there are two types of veins:
• Systemic veins which carry deoxygenated blood away from the 

body.
• Pulmonary veins which carry oxygenated blood from the lungs.

valves

Valves allow blood to flow in 
one direction to prevent the 
backflow of blood.

• Atrioventricular valves 
are found between the 
ventricle and atrium. 
These valves open and 
close when the heart 
contracts. The valves stop 
blood from flowing back 
into the atriums.

• Semilunar valves are 
found between the 
ventricles and the aorta 
and pulmonary artery. 
These valves prevent 
blood from flowing back 
into the ventricles.
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labels

LEFT ATRIUM LEFT TRUNCUS ARTERIOSUS CAROTID ARCH

RIGHT ATRIUM RIGHT TRUNCUS ARTERIOSUS SYSTEMIC ARCH

VENTRICLE PULMOCUTANEOUS ARCH RIGHT CRANIAL VENA CAVA

CONUS ARTERIOSUS PULMONARY VEIN LEFT CRANIAL VENA CAVA

CAUDAL VENA CAVA

Answer on page 57

stUDeNt iNstrUctioNs

sEction onE

the circulatory and respiratory systems in human 
and non-human animals

tasK 1

label the Frog heart
Label this diagram of the frog heart correctly.
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stUDeNt iNstrUctioNs

labels

LEFT ATRIUM VENA CAVA RIGHT VENTRICLE

AORTA LEFT PULMONARY VEINS PULMONARY ARTERY

RIGHT ATRIUM RIGHT PULMONARY VEINS

LEFT VENTRICLE CAUDAL VENA CAVA  

Answer on page 57

sEction onE

the circulatory and respiratory systems in human 
and non-human animals

tasK 2

label the human heart
Label this diagram of the human heart correctly.
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stUDeNt iNstrUctioNs

iNterActiVe liNKs

The following interactive links help 
to explain the circulatory systems of 
humans and frogs.

Label the [human] heart
www.sciencelearn.org.nz/Contexts/
See-through-Body/Sci-Media/
Animations-and-Interactives/Label-
the-heart

Human heart animation
www.argosymedical.com/Circulatory/
samples/animations/Heart/index.html  
[no sound]

Frog and human circulatory 
system (Animals in Science DVD)
www.youtube.com/watch?v=oPDjt5_
G2V8

sUggesteD reADiNg

electronic texts

WEBSITES

Save the Frogs
www.savethefrogs.com

Digital Frog International
www.digitalfrog.com

sEction onE

the circulatory and respiratory systems in 
human and non-human animals

tasK 3

Write a paragraph
Write a paragraph on how the circulatory system of frogs is different to 
that of humans.

NoN-iNVAsiVe ANimAl stUDY

Millions of vertebrate animals (most commonly rats and frogs) are bred and killed 
around the world for the purpose of classroom dissection in biology lessons.

These animals are not recorded in the National Animal Ethics Advisory 
Committee (NAEAC) animal use statistics because they are already dead when 
the experiment is conducted (which for statistical purposes prohibits them from 
being included).

For many students the prospect of an animal being killed and dissected in the 
classroom is emotionally distressing and ethically fraught.

Animal dissection is an invasive procedure. The animals are killed so that they 
can later be cut open and have their organs removed and studied. 

The learning outcome is not unique for each student – the animals are all killed for 
the same purpose, the sole reason being that each student will have a personal 
practical ‘hands-on’ learning experience.

This unit of study is designed to provide a learning experience that is non-
invasive to animals. 
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Breath 2Breath 1

Inhale 1 Exhale 1 Inhale 2 Exhale 2

stUDeNt iNstrUctioNs

sEction onE

the circulatory and respiratory systems in human and non-human animals

rEspiration in Birds

avian Breath

Birds need to inhale and exhale twice 
in order to take a normal breath. In a 
sense their breath is cyclical. Birds 
have lungs that are serviced through 
a system of air sacs. The two main 
sets of air sacs are the anterior 
thoracic air sacs and the posterior 
thoracic air sacs. Gas exchange 
occurs only in the lungs (not in the 
air sacs). The series of air sacs and 
double inhalation/exhalation system 
ensure birds’ lungs have a constant 
supply of fresh air available. The air 
sacs act like bellows to ventilate the 
lungs. This enables birds to survive 
at altitudes that would require 
humans to have an oxygen tank.

Breath 1

During the first inhalation the air 
sacs expand and fresh air is drawn 
into the posterior thoracic air sacs. 
At the same time any air in the lungs 
is drawn into the anterior thoracic air 
sacs.

During the first exhalation the air 
sacs compress and this process 
pushes fresh air out of the posterior 
thoracic air sacs into the lungs. Any 
air in the anterior thoracic air sacs is 
pushed out through the trachea.

Breath 2

During the second inhalation the 
posterior and anterior thoracic air 

sacs expand. Air moves from the 
lungs into the anterior thoracic air 
sacs via the interclavicular air sacs.

During the second exhalation the 
posterior and anterior thoracic 
air sacs compress. Air leaves the 
anterior thoracic air sacs via cervical 
air sacs into the trachea.



sEction onE

the circulatory and respiratory systems in human and non-human animals

rEspiration in Birds

Key structures for avian 
respiration

Trachea
Fresh air moves through the trachea to 
the syrinx. The trachea then divides in 
order to take air to the posterior thoracic 
air sacs (via the abdominal air sacs).

anterior air sacs (cervical, 
interclavicular and anterior 
thoracic)

Cervical air sacs
Air is transferred into the cervical air sacs 
and moves out and back into the trachea.

Interclavicular air sac
Air moves from the lungs into the 
interclavicular air sac.

Anterior thoracic air sacs
Air moves from the lungs into the anterior 
air sacs via the interclavicular air sacs.

posterior air sacs (abdominal, 
posterior thoracic)

Posterior thoracic air sacs
Air travels into the posterior air 
sacs on the first inhalation. On 
the first exhalation fresh air is 
pushed from the posterior air sac 
into the lungs.

Abdominal air sacs
Fresh air moves into the 
abdominal air sacs from the 
trachea and from there to the 
posterior air sacs.

Lungs
Fresh air is fed into the lungs via the 
posterior air sacs. Deoxygenated air is 
drawn out of the lungs by the anterior air 
sacs.

The lungs in birds do not inflate and 
deflate as they do in mammals. They 
remain still while the air sacs (which do 
inflate and deflate) feed fresh air into and 
draw deoxygenated air out of the lungs).

Syrinx
Lower larynx or voice box, located at the 
point just before the trachea divides in 
two. 
 
 
 
 

Bronchi
Air passages that come off the trachea. 
On the second exhalation air passes from 
the anterior air sacs back into the bronchi 
and out of the bird’s system.

Diaphragm
In mammals the diaphragm is a dome-
shaped muscle that separates the thorax 
from the abdomen. The contraction and 
retraction of the diaphragm enables the 
lungs to inflate and deflate. Paralysis 
of the diaphragm is serious as without 
the diaphragm the lungs are unable to 
receive or expel air.

Birds do not have a diaphragm. Muscles 
in the sternum and chest cavity in 
combination with the air sacs allow air 
to flow through the lungs. Therefore, it is 
important when restraining a bird not to 
hold its body so tightly that its chest is 
unable to expand and contract, as this 
can lead to suffocation.

Parabronchi
Birds do not have alveoli, instead they 
have parabronchi. Parabronchi are tiny 
passages that the air flows through on its 
way to air capillaries where oxygen and 
carbon dioxide are exchanged with blood 
capillaries by diffusion.

Nares
These are the bird’s equivalent of nostrils 
and are found on the upper beak. Birds 
have two nares just as we have two 
nostrils.
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trachea

trachea

cervical 
air sacs x 2

syrinxinterclavicular 
air sac x 1

anterior thoracic 
air sacs x 2

posterior thoracic 
air sacs x 2

abdominal 
air sacs x 2

cervical air sacs

bronchi

lungs

trachea

cervical air sacs

interclavicular
air sac

anterior thoracic
air sacs

posterior 
thoracic air sacs

abdominal
air sacs

stUDeNt iNstrUctioNs



sEction onE

the circulatory and respiratory systems in human and non-human animals

rEspiration in humans

mammalian Breath

Humans and other mammals breathe through the nose 
and mouth. Air is carried to and from the lungs via the 
trachea. On its way to the lungs air is moistened, warmed 
and filtered in the nasal passage. The diaphragm is a 
vital part of the breathing process. On each inhalation 
the diaphragm contracts, allowing the chest cavity to 
expand and the lungs to fill with air. On each exhalation 
the diaphragm relaxes and pushes upwards into the chest 
cavity, causing it to tighten and air to be pushed out of 
the lungs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Key structures for human respiration

Nostrils
External openings to the nasal cavity that admit air to the body.

Trachea
Air travels to and from the lungs via the trachea (also called the 
windpipe). The trachea extends from the larynx (voice box) to the 
bronchial tubes.

Bronchi
Bronchial tubes transfer air from the trachea to the lungs and 
specifically to the alveoli (air sacs).

Diaphragm
During an inhalation the diaphragm contracts and moves 
downwards. The lungs inflate with air and expand into the extra 
space created in the chest cavity. During an exhalation the 
diaphragm relaxes and moves upwards, contracting the chest 
cavity and forcing air out of the lungs into the trachea and out via 
the nose and mouth.

Lungs
These are the organs that allow oxygen from the air to pass into 
the bloodstream. They also enable carbon dioxide to be removed 
from the bloodstream.

Larynx
Also known as the voice box, located at the top of the trachea.

Intercostal muscles
The muscles situated between the ribs.

Alveoli
The tiny air sacs at the end of the bronchial tubes that exchange 
carbon dioxide and oxygen with the red blood cells.
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trachea trachea

lung lung

diaphragm

bronchi

lung lung

diaphragm

bronchi

bronchi

alveoli

lungs

trachea

diaphragm

trachea trachea

lung lung

diaphragm

bronchi

lung lung

diaphragm

bronchi

Inhale

Exhale

stUDeNt iNstrUctioNs



interclavicular
air sac

anterior
thoracic
air sacs

posterior
thoracic
air sacs

abdominal
air sacs

trachea

lung

bronchi

lung

interclavicular
air sac

anterior
thoracic
air sacs

posterior
thoracic
air sacs

abdominal
air sacs

trachea

lung

bronchi

lung

interclavicular
air sac

anterior
thoracic
air sacs
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sEction onE

the circulatory and respiratory systems 
in human and non-human animals

t

label the Bird respiratory system
1. Label the following diagrams and place them in the  
correct order.

labels – breath order

INHALE 1

EXHALE 1

INHALE 2

EXHALE 2

Answer on page 58

asK 4
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sEction onE

the circulatory and respiratory systems in human and non-human animals

t

label the Bird 
respiratory system
2. Label this diagram of the avian 
respiratory system correctly. 

labels

TRACHEA

ANTERIOR THORACIC AIR SACS

ABDOMINAL AIR SACS

CERVICAL AIR SACS

LUNGS

BRONCHI

INTERCLAVICULAR AIR SAC

POSTERIOR THORACIC AIR SACS

SYRINX

Answer on page 58

asK 4
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sEction onE

the circulatory and respiratory systems in human 
and non-human animals

t

label the human respiratory system
Label this diagram of the human respiratory system correctly. 

labels

TRACHEA

BRONCHI

LUNGS

ALVEOLI

DIAPHRAGM

Answer on page 58

asK 5
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iNterActiVe liNKs

The following interactive links help to explain the respiratory 
systems of humans and birds.

human respiratory system
bcs.whfreeman.com/thelifewire/content/chp48/4802002.html

lung (human respiratory system) 
media.wwnorton.com/college/biology/animations/ch22a03.swf

Airflow in birds (bird respiratory system) 
bcs.whfreeman.com/thelifewire/content/chp48/4801s.swf

human lungs (how the lungs work)
www.nhlbi.nih.gov/health/health-topics/topics/hlw/system.html

Avian respiration
people.eku.edu/ritchisong/birdrespiration.html
www.paulnoll.com/Oregon/Birds/Avian-Respiratory.html

sEction onE

the circulatory and respiratory systems in human and non-human animals

t

Write a paragraph
Write a paragraph on how the circulatory system of birds is different to that of humans.

asK 6
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sEction tWo

multiple choice Questions 

circulation

1. Which blood vessels carry blood 
into the right atrium in frogs?

a. Right and left truncus 
arteriosus.

b. Carotid, systemic and 
pulmocutaneous arches. 

c. Right and left cranial vena cava 
and caudal vena cava.

2. What is the primary function of 
arteries in the human body?

a. To bring deoxygenated blood 
into the lungs from the rest of 
the body.

b. To carry oxygenated blood from 
the heart to the rest of the body.

c. To bring deoxygenated blood 
from the body to the heart’s 
right atrium.

3. Which one of the following 
carries deoxygenated blood from 
the heart to the lungs in humans?

a. Pulmonary artery.
b. Venule.
c. Pulmonary vein.

4. What are the upper chambers of 
the heart called?

a. Ventricle.
b. Atrium.
c. Arteriole.

5. What other organ (apart from the 
lungs) participates in gas exchange 
in frogs?

a. Heart.
b. Liver.
c. Skin.

6. Human hearts have four 
chambers. How many chambers do 
frog hearts have?

a. Three.
b. Four.
c. Two.

7. In which type of heart is there 
a mixing of oxygenated and 
deoxygenated blood?

a. Bird.
b. Mammal.
c. Frog.

8. The pulmonary vein carries 
oxygenated blood from the lungs to 
where in humans?

a. Right atrium.
b. Left atrium.
c. Left ventricle.

9. Deoxygenated blood enters the 
heart through which of the following 
in humans?

a. Left ventricle.
b. Vena cava.
c. Aorta.

10. What is the conus arteriosus?
a. The artery that carries blood 

from the ventricle to the body of 
the frog.

b. A large blood vessel that carries 
blood from the lungs to the left 
atrium of the frog heart.

c. The largest artery in the human 
body.

11. Blood enters the left atrium of 
the frog heart through which blood 
vessel?

a. Pulmocutaneous arch.
b. Pulmonary vein. 
c. Caudal vena cava.

Answers on page 59

stUDeNt iNstrUctioNs



sEction tWo

multiple choice Questions 

rEspiration 

12. After passing through the lungs 
blood is:

a. Deoxygenated.
b. Metabolised.
c. Oxygenated.

13. What is the function of air sacs 
in birds?

a. To allow air to flow 
unidirectionally (in one direction) 
through a bird’s respiratory 
system.

b. To play a direct role in gas 
exchange.

c. They are the sound-producing 
organs in birds.

14. Which feature of the mammalian 
respiratory system is not found in 
birds?

a. Alveoli.
b. Diaphragm.
c. Both of the above.

15. Which of the following 
statements is false?

a. The respiratory system of birds 
is more efficient than that of 
mammals.

b. Bird lungs do not expand 
or contract like the lungs of 
mammals.

c. Respiration in birds requires 
only one respiratory cycle – the 
same as mammals.

16. How many inhalations and 
exhalations do birds have to make 
in order to take a ‘full’ breath?

a. One inhalation and one 
exhalation.

b.  Two inhalations and two 
exhalations.

c.  Two inhalations and one 
exhalation.

17. How many air sacs do birds 
have?

a.  Nine.
b. Seven.
c.  Three.

18. Which air sacs push fresh air 
into the lungs?

a.  Abdominal air sacs.
b.  Posterior thoracic air sacs.
c.  Anterior thoracic air sacs.

19. Which of the following 
statements is true for bird 
respiration?

a.  The air sacs expand during 
inhalation.

b.  The air sacs compress during 
inhalation.

c.  The air sacs do not move 
during inhalation.

 
 
 

20. Which are the ‘posterior’ air 
sacs?

a.  Interclavicular air sac.
b.  Cervical and anterior thoracic 

air sacs.  
c.  Abdominal and posterior 

thoracic air sacs.

21. At which point are the lungs in 
birds empty of fresh air?

a.  During the first exhalation.
b.  During the second exhalation.
c.  Never.

22. In mammals what does the 
diaphragm do with each inhalation?

a.  Relaxes and moves upwards.
b.  Contracts and moves upwards.
c.  Contracts and moves 

downwards.
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sEction thrEE

Experiments

hEart ExpErimEnt

how many times will your heart beat in your lifetime?

oBjectiVe

Students will make measurements 
to determine their pulse rate before 
and after different events. Students 
will explore how heart rate is affected 
by exercise and other activities. They 
will be able to determine how the 
heart rate changes after exercise and 
other activities, and how many times 
their heart is likely to beat in their 
lifetime. Conclusions will be able to 
be reached on how heart rate affects 
longevity in human and non-human 
animals.

mAteriAls NeeDeD

• A digital watch or clock with a 
second hand

• Calculator

ProceDUre

part one

1. Locate a pulse point on your 
body. Good places to find your pulse 
include your wrist and neck. To find 
the pulse on your wrist place the 
first two fingers of your right hand 
along the outer edge of your left 

wrist just below where your wrist 
and thumb meet. You should find 
the pulse between your wrist bone 
and tendon. Make sure your left 
wrist is facing palm-side up. Press 
down with your fingers until you feel 
your pulse but don’t press too hard 
because you will not be able to feel 
the pulsation. The pulse in your neck 
is located beneath the jawbone. If 
you have difficulty finding your pulse 
ask for a friend to help or get the 
teacher to demonstrate how to find 
it. Do not use your thumb to find 
your pulse because its strong pulse 
may interfere with finding the site of 
pulsation.

2. Count the number of times your 
pulse beats in 15 seconds. Multiply 
this number by four. This is the 
number of times your heart beats 
in one minute. This is your ‘at rest’ 
heart rate. Enter this number on the 
heart rate table on page 52.

3. Do some aerobic activity to 
increase your heart rate. Do either 
physical exercise such as press-ups 
or other physical activity such as 
running. Do this for one minute. 

4. Record your heart rate 
immediately after the activity. Do this 
in the same way you measured your 
‘at rest’ rate. Enter this number on 
the table on page 52. This is your 
‘active rate’.

5. Once your pulse has returned 
to its resting rate, do something 
that will elicit a strong emotional 
response from you such as 
watching a video of animals being 
dissected or experimented on. 
Record your pulse rate immediately 
after the event. Enter this number on 
the table on page 52 as ‘emotional 
rate’.

6. After calculating the heart rate 
for each activity, show this on a 
graph.

7. Compare the heart rates of 
students in the class. Also show this 
on a graph.

8. Determine the average heart 
rate of students. The average rate 
can be found by adding up all the 
heart rates of students and dividing 
the total by the number of students.

9. Extrapolate the number of times 
your heart beats per hour, per day, 
per year, over your lifetime (assuming 
you live to age 80). Enter this data on 
the table on page 52.
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sEction thrEE

Experiments

hEart ratE taBlE

Heart Rate:             (insert your name)

at rest active rate Emotional rate

Beats in 15 seconds

Beats per minute

Extrapolation

at rest active rate Emotional rate

Beats per hour

Beats per day

Beats per year

Beats in your lifetime (80 years)
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sEction thrEE

Experiments

part two

1. Compare the heart rates of the various mammalian animals listed in the table below. Is there a relationship between 
the size of the animal and its heart rate? You may enter your data under the ‘human’ animal category if you wish.

2. Is there a relationship between heart rate and lifespan?

animal average heart rate 
(beats per minute)

average Weight 
(grams)

average lifespan 
(years)

lifetime heart-
beats (billions)

Cat 150 2,000 15 1.18

Monkey 192 5,000 15 1.51

Horse 44 1,200,000 40 0.93

Chicken 275 1,500 15 2.17

Cow 65 800,000 22 0.75

Pig 70 150,000 25 0.92

Elephant 30 5,000,000 70 1.10

Rabbit 205 1,000 9 0.97

Hamster 450 60 3 0.71

Dog 90 5,000 15 0.71

Giraffe 65 900,000 20 0.68

Human     

Large whale 20 120,000,000 80 0.84

Mouse 700 20 2 0.74



sEction thrEE

Experiments

WEBlinKs

part three

The online lessons below will help you build your knowledge of the circulatory and respiratory systems.

circUlAtioN lessoNs 

Pulse of life
Students can measure their pulse 
rate and explore how heart rate is 
affected by various activities.
www.smm.org/heart/lessons/
lesson1.htm

Keeps on pumpin’
Students can measure and calculate 
heart rates per minute and for other 
units of time. They will determine the 
amount of blood pumped by their 
heart during various intervals of time.
www.smm.org/heart/lessons/
lesson2.htm

Under pressure
Students can investigate the 
implications of blood pressure.
www.smm.org/heart/lessons/
lesson3.htm

Sounds of the heart
Students will investigate the sounds of the heart, 
construct a stethoscope and investigate the workings of 
valves.
www.smm.org/heart/lessons/lesson4.htm

Lub dub (valves)
Students can investigate the source of the sounds of the 
heart.
www.smm.org/heart/lessons/lesson5.htm

The heart as a pump
Students can explore the working of the heart by making 
comparisons with the actions of a pump.
www.smm.org/heart/lessons/lesson5a.htm

Go with the flow
Students can name and locate the major areas and 
structures of the heart and trace the pathway of the blood 
through the heart, lungs and body.
www.smm.org/heart/lessons/lesson6.htm

resPirAtioN lessoNs 

Catch your breath
Students can measure lung capacity and explore factors 
that affect the amount of air the lungs can hold.
www.smm.org/heart/lessons/lesson9.htm 
 
Ins and outs of respiration
Students can determine their respiratory rate and explore 
the factors that affect breathing rate.
www.smm.org/heart/lessons/lesson8.htm

Lung model
Students can discover the function of various parts of the 
body’s respiratory system.
www.smm.org/heart/lessons/lesson7.htm

O2CO2 skit
Students can act out the flow of blood in the circulatory 
system.
www.smm.org/heart/lessons/lesson10.htm
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sEction Four

conscientious objection
Conscientious objection allows all students the chance to enjoy and express their enthusiasm for biology, whatever their 
ethical beliefs. It permits students to choose study methods that do not contradict their beliefs, such as the harming 
or killing of animals. This Animals & Us educational resource allows all students access to a high-quality education by 
offering alternatives to dissection.

The right to ‘conscience’ or 
conscientious objection is a right 
decreed by the United Nations 
General Assembly in article 18 of 
the Universal Declaration of Human 
Rights. This states that everyone 
has the right to freedom of thought 
and conscience. This right includes 
freedom to change beliefs, and 
freedom – either alone or in a 
community with others and in public 
or private – to manifest this belief in 
teaching and observance.

The concept of conscientious 
objection is becoming a more salient 
issue for students worldwide. 

This section outlines some of the 
reasons why this is taking place, 
as well as the humane alternatives 
that are available to conscientious 
objectors of dissection.

rEasons For usE oF humanE altErnativEs

There are numerous reasons to choose a humane alternative to animal dissection. These include:

Ethical considerations

• Animal suffering (animals used 
for dissection may suffer in 
the process of being captured, 
transported and ultimately killed).

• Inhumane killing practices.

respect for student Beliefs

• Students cannot and should not 
be forced or coerced into doing 
dissection if they are opposed to it.

teaching Efficacy

• Studies comparing animal 
dissection to non-animal 
alternatives have demonstrated the 
superior or equivalent efficacy of 
alternative methods at all levels of 
education.1-6 

 

psychological impacts of 
harmful animal use

• Desensitisation to suffering and 
killing.

• Diminished capacity for 
compassion and ethical decision 
making.

• Negative underlying message 
about the intrinsic value of animals’ 
lives.

• Development of a utilitarian view 
that animals are here merely for our 
use.

• Risk of losing interest in science.
• Risk of psychological trauma.

Economic advantages

• Alternatives are substantially less 
expensive (no need for transport, 
housing, feeding, veterinary care, 
anaesthesia, euthanasia).

adverse Environmental impacts

• Millions of vertebrate animals are 
dissected yearly in US high schools 
alone.7

• Collection for educational uses has 
been cited as contributing to frog 
declines in the US8 and Canada.9

• The threatened spiny dogfish 
shark Squalus acanthias remains 
a popular species for school 
dissections despite its tenuous 
ecological status.10
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sEction Four

conscientious objection

humanE altErnativEs to harmFul animal usE in Education

For those who are opposed to the killing and dissection of animals for 
educational purposes there are a wide range of alternatives available. 
These include:

• computer simulations

• models

• videos

• plasticised specimens (a deceased animal’s tissue is chemically replaced by 
plastic, allowing preservation of minute detail in gross anatomical features 
and producing a durable model for repeated use)

• non-invasive self-experimentation

• surgical simulators

• ethically sourced cadaver surgery (for medical students)

• supervised clinical experience

• animal shelter sterilisation programmes (for veterinary students).
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tasK 1 
label the Frog heart
Page 39

tasK 2 
label the human heart
Page 40

KEY:
oxygenated blood
deoxygenated blood
mixed blood

right truncus
arteriosus

right cranial 
vena cava

conus arteriosus

carotid arch

systemic arch

right atrium

ventricle

caudal vena cava

pulmocutaneous
arch

left truncus
arteriosus

left cranial 
vena cava

pulmonary vein

left atrium

vena cava

right pulmonary 
veins

left pulmonary
veins

right atrium

right ventricle

caudal vena cava

aorta

pulmonary artery

left atrium

left ventricle

KEY:
oxygenated blood
deoxygenated blood

ANswers
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interclavicular
air sac

anterior
thoracic
air sacs

posterior
thoracic
air sacs

abdominal
air sacs

trachea

lung

bronchi

lung

Inhale 1 Exhale 1 Inhale 2 Exhale 2

tasK 4 
label the Bird respiratory system
Page 45

tasK 4 
label the Bird respiratory system
Page 46

tasK 5 
label the human respiratory system
Page 47

trachea

trachea

cervical 
air sacs x 2

syrinxinterclavicular 
air sac x 1

anterior thoracic 
air sacs x 2

posterior thoracic 
air sacs x 2

abdominal 
air sacs x 2

cervical air sacs

bronchi

lungs

trachea

cervical air sacs

interclavicular
air sac

anterior thoracic
air sacs

posterior 
thoracic air sacs

abdominal
air sacs

bronchi

alveoli

lungs

trachea

diaphragm

ANswers
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multiple choice

1. c

2. b

3. a

4. b

5. c

6. a

7. c

8. b

9. b

10. a

11. b

12. c

13. a

14. c

15. c

16. b

17. a

18. b

19. a

20. c

21. c

22. c

ANswers


