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Ministerial foreword

The Department of Basic Education has pleasure in releasing the second
edition of Mind the Gap study guides for Grade 12 learners. These study
guides continue the innovative and committed attempt by the Department
of Basic Education to improve the academic performance of Grade 12
candidates in the National Senior Certificate (NSC) examination.

The study guides have been written by subject expert teams comprised of
teachers, examiners, moderators, subject advisors and subject co-ordinators.
Research started in 2012 shows that the Mind the Gap series has, without
doubt, had a positive impact in improving grades. It is my fervent wish that
the Mind the Gap study guides take us all closer towards ensuring that no
learner is left behind, especially as we move forward in our celebration of 20
years of democracy.

The second edition of Mind the Gap is aligned to the 2014 Curriculum and
Assessment Policy Statement (CAPS). This means that the writers have
considered the National Policy pertaining to the programme, promotion
requirements and protocol for assessment of the National Curriculum
Statement for Grade 12 in 2014.

The Mind the Gap CAPS study guides take their brief in part from the 2013
National Diagnostic report on learner performance and draws on the
2014 Grade 12 Examination Guidelines. Each of the Mind the Gap study
guides provides explanations of key terminology, simple explanations
and examples of the types of questions that learners can expect to be
asked in an exam. Marking memoranda are included to assist
learners in building their understanding. Learners are also referred to
specific questions in past national exam papers and examination memos
that are available on the Department’s website - www.education.gov.za.

The CAPS edition include Accounting, Economics, Geography, Life
Sciences, Mathematics, Mathematical Literacy and Physical Sciences.
The series is produced in both English and Afrikaans. There are also nine
English First Additional Language study guides. They include EFAL Paper
1 (Language); EFAL Paper 3 (Writing); and a study guide for each of the
Grade 12 prescribed literature set works.

The study guides have been designed to assist those learners who
have been underperforming due to a lack of exposure to the content
requirements of the curriculum and aims to mind-the-gap between failing
and passing, by bridging the gap in learners’ understanding of commonly
tested concepts so candidates can pass.

All that is now required is for our Grade 12 learners to put in the hours
preparing for the examinations. Learners make us proud - study hard. We
wish each and every one of you good luck for your Grade 12 examinations.

%&g\%"*“—f—‘ﬁs\ o A |
i ll

Matsie Angelina Motshekga, MP
Minister of Basic Education
May 2014
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We are
confident that this
Mind the Gap study
guide can help you to

prepare well so that you
pass the end -of-year

Dear Grade 12 learner

This Mind the Gap study guide helps you to prepare for the end-of-year
CAPS Life Sciences Grade 12 exam.

The study guide does NOT cover the entire CAPS curriculum, but it does
focus on core content of each knowledge area and points out where you
can earn easy marks.

You must work your way through this study guide to improve your
understanding, identify your areas of weakness and correct your own
mistakes.

To ensure a good pass, you should also cover the remaining sections of the
curriculum using other textbooks and your class notes.

Overview of the exam for
CAPS Life Sciences Grade 12

The following topics make up each of the TWO Life Sciences exam papers
that you write at the end of the year:

PAPER 1 WEIGHTING PAPER 2 WEIGHTING
Topic % MARKS Topic % MARKS
Term 1 Term 1
Meiosis 7 11 DNA: Code of Life 19 27
Reproduction in Vertebrates 4 6 Meiosis 7 12
Human Reproduction 21 31 Term 2
Term 2 Genetics and Inheritance 30 45
Responding to the Environment Terms 3/4
(Humans) 27 40 Evolution 44 66
Term 3
Human Endocrine System 10 15
Homeostasis in Humans 7 11
Responding to the Environment 7 11
(Plants)
Term 4
Human Impact (Grade 11) 17 25
100 150 100 150
Both Paper 1 and Paper 2 will include the following types of questions:
Section Type of question Marks
A Short answer, objective questions such as multiple-choice questions, terminology, 50
columns/statement and items
B A variety of question types.
There will be two questions of 40 marks each. Both of these questions will be divided 2 x40
into two to four subsections.
C Essay 20

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences INTRODUCTION vii



© Department of Basic Education 2014

How to use this study guide

This study guide covers selected parts of the different topics of the CAPS
Grade 12 Life Sciences curriculum in the order they are usually taught
during the year. The selected parts of each topic are presented in the
following way:
e An explanation of terms and concepts;
: *  Worked examples to explain and demonstrate;
z w e Activities with questions for you to answer; and

: e Answers for you to use to check your own work.

Hints to help you
Pay special attention remember a _concept @ Worked examples
or guide you in

solving problems

Activiti ith
Step-by-step Refers you to exam Q EZ;E':;V‘:& y
instructions questions . q y

— to answer

Look out for
these icons in the
study guide.

* Achecklist from the exam guidelines for Life Sciences has been
provided on page xvii for you to keep track of your progress. Once you
have mastered the core concepts and have confidence in your answers
to the questions provided, tick the last column of the checklist.

* The activities are based on exam-type questions. Cover the answers
provided and do each activity on your own. Then check your answers.
Reward yourself for the things you get right. If you get any incorrect
answers, make sure you understand where you went wrong before
moving on to the next section.

* In Chapter 12, you will find a section on graphing skills which you
must master when preparing for both Paper 1 and Paper 2. This
chapter also provides guidelines on how to answer essay-type
questions in the exam.

* You will be asked to draw a labelled diagram in the exam. On page
115 to 132 are a set of blank diagrams that you can use to practise
your drawing and labelling skills. Filling in these blank diagrams is a
good way to test yourself and work out what you know well and what
you still need more practice in.

* Exemplar Exam papers are included in the study guide for you to
do. Check your answers by looking back at your notes and the exam
memoranda. Past exam papers go a long way in preparing you for
what to expect and help reduce exam anxiety.

Go to www.education.gov.za to download past exam papers.

Use this
study guide as a workbook.
Make notes, draw pictures
and highlight important
concepts.

© Department of Basic Education 2014
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Top 10 study tips

Try these
study tips to
make learning

1 Have all your materials ready before you begin studying -
easier.

pencils, pens, highlighters, paper, etc.

2_ Be positive. Make sure your brain holds on to the information
you are learning by reminding yourself how important it is to
remember the work and get the marks.

3_ Take a walk outside. A change of scenery will stimulate your
learning. You'll be surprised at how much more you take in after
being outside in the fresh air.

4_ Break up your learning sections into manageable parts. Trying to
learn too much at one time will only result in a tired, unfocused
and anxious brain.

5_ Keep your study sessions short but effective and reward yourself
with short, constructive breaks.

6_ Teach your concepts to anyone who will listen. It might feel
strange at first, but it is definitely worth reading your revision
notes aloud.

7 Your brain learns well with colours and pictures. Try to use them
L]
whenever you can.

8. Be confident with the learning areas you know well and focus
your brain energy on the sections that you find more difficult
to take in.

9_ Repetition is the key to retaining information you have to learn.
Keep going - don't give up!

10 Sleeping at least 8 hours every night, eating properly and
drinking plenty of water are all important things you need to
do for your brain. Studying for exams is like strenuous exercise,
S0 you must be physically prepared.

If you can’t explain it simply, you don’t understand it well enough.

Albert Einstein

© Department of Basic Education 2014
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Study skills to boost your
learning

This guide includes 3 study techniques you can use to help you learn the
material:
1. Mobile notes

2. Mnemonics
3. Mind maps

These
techniques will
help you to study
smarter!

‘ Mobile notes

7/ { S—— ~ Mobile notes are excellent
7 | ‘ tools for learning all the key
concepts in the study guide.
Mobile notes are easy to
make and you can take them
with you wherever you go:
1. Fold a blank piece of
paper in half. Fold it in
half again. Fold it again.
2. Open the paper. It will
now be divided into 8

parts.
3. Cut ortear neatly along
1. Fold an A4 paper into the folded lines.
8 squares. Cut or tear 4. On one side of each of
neatly along the folded these 8 bits of paper,

lines. write the basic concept. WA\‘
5. On the other side, write '
the meaning or the =
explanation of the basic -
concept. -
6. Use different colours
and add pictures to help _—

you remember.

2. Write the basic concept 7. Take these mobile notes
on one side of a bit of with you wherever you
paper. go and look at them

whenever you can.

8. Asyou learn, place the

cards in 3 different piles:

* | know this
information well.

e I'm getting there.

* | need more

3. Write the definition of practice.
the basic concept on 9. The more you learn
the back of the piece of them, the better you f -
. 4 a——
paper. will remember them. : ' =\

-

© Department of Basic Education 2014
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Mnemonics

A mnemonic code is a useful technique for learning information that is
difficult to remember.

Below are two examples of mnemonics.

Here is a made-up word to help you remember the structure of a sperm
cell - each letter of the word stands for a part of the cell:

M — Mitochondria
A — Acrosome
N — Nucleus
T - Talil

Here is a sentence to help you remember the 4 nitrogenous bases in DNA
- each word in the sentence begins with the same letter as one of the
nitrogenous bases:

There is
another example
of a mnemonic
on page 12.

All Teachers  Get Chocolate
Adenine Thymine  Guanine  Cytosine

Mnemonics code information and make it easier to remember.

The more creative you are and the more you link your ‘codes’ to familiar
things, the more helpful your mnemonics will be.

This guide provides ideas for using mnemonics. Be sure to make up your
own.

Education helps one cease being intimidated
by strange situations.

Maya Angelou

© Department of Basic Education 2014
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Mind maps

There are several mind maps included in this guide, summarising some of
the sections.

Have a look at the following pictures of a brain cell (neuron) and, below it,
a mind map:

L o8 AL
gt

Flgure 1: Brain cell or neuron

& connectideas  BRANQ He
Ny

8l different coloyrs MIND MAP
IDEAS RULES

@ have fun)

5
p\o“ﬂ&

Write on line f

Figure 2: Mind map rules

Mind maps work because they show information that we have to learn in
the same way that our brains ‘see’ information.

As you study the mind maps in the guide, add pictures to each of the
branches to help you remember the content.

You can make your own mind maps as you finish each section.

How to make your own mind maps:

1. Turn your paper sideways so your brain has space to spread out in all
directions.

2. Decide on a name for your mind map that summarises the
information you are going to put on it.

3. Write the name in the middle and draw a circle, bubble or picture

Mind
mapping
your notes makes
them more interesting
and easier to
remember.

T around it.
/:‘;.\ 4. Write only key words on your branches, not whole sentences. Keep it
/ & short and simple.
S n& 5. Each branch should show a different idea. Use a different colour for
\ VA each idea. Connect the information that belongs together. This will
] *\\% A~ help build your understanding of the learning areas.
™~ Z 6. Have fun adding pictures wherever you can. It does not matter if you
7 ¥ ’?f can’t draw well.
— ;

© Department of Basic Education 2014
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On the day of the exam ...

1.

10.

Make sure you have all the necessary stationery for your exam,
i.e. pens, pencils, eraser, protractor, compass, calculator (with
new batteries). Make sure you bring your ID document and
examination admission letter.

Arrive on time, at least one hour before the start of the exam.

Go to the toilet before entering the exam room. You don’t
want to waste valuable time going to the toilet during
the exam.

Use the 10 minutes reading time to read the instructions carefully.
This helps to ‘open’ the information in your brain. Start with the
question you think is the easiest to get the flow going.

Break the questions down to make sure you understand what

is being asked. If you don’t answer the question properly you
won’t get any marks for it. Look for the key words in the question
to know how to answer it. A list of these words is on page xiv of
this study guide.

Try all the questions. Each question has some easy marks in it so
make sure that you do all the questions in the exam.

Never panic, even if the question seems difficult at first. It will be
linked with something you have covered. Find the connection.

Manage your time properly. Don’t waste time on questions you
are unsure of. Move on and come back if time allows. You have
150 minutes (2%2 hours) to answer each of the 150-mark Life
Sciences question papers. Spend the following amounts of time
on each question:

¢ Question 1: 50 marks = 45 minutes
e Question 2: 40 marks = 35 minutes
¢ Question 3: 40 marks = 35 minutes
¢ Question 4: 20 marks = 15 minutes

The remaining 20 minutes can be used to check your answers and
attempt to answer any question that you might have left out.

Check weighting - how many marks have been allocated for your
answer? Take note of the ticks in this study guide as examples

of marks allocated. Do not give more or less information than is
required.

Write big and bold and clearly. You will get more marks if the
marker can read your answer clearly.

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences INTRODUCTION xiii



© Department of Basic Education 2014

In every exam
question, put a CIRCLE
around the question word and
underline any other important
key words. These words tell
you exactly what is
being asked.

Question words to help you
answer questions

It is important to look for the question words (the words that tell you what
to do) to correctly understand what the examiner is asking. Use the words
in the table below as a guide when answering questions.

Question word What is required of you
Analyse Separate, examine and interpret
Calculate This means a numerical answer is required - in general,

you should show your working, especially where two or more
steps are involved

Classify Group things based on common characteristics

Compare Point out or show both similarities and differences between
things, concepts or phenomena

Define Give a clear meaning

Describe State in words (using diagrams where appropriate) the main
points of a structure/process/phenomenon/investigation

Determine To calculate something, or to discover the answer by
examining evidence

Differentiate Use differences to qualify categories

Discuss Consider all information and reach a conclusion

Explain Make clear; interpret and spell out

Identify Name the essential characteristics

Label Identify on a diagram or drawing

List Write a list of items, with no additional detail

Mention Refer to relevant points

Name Give the name (proper noun) of something

State Write down information without discussion

Suggest Offer an explanation or a solution

Tabulate Draw a table and indicate the answers as direct pairs

@ Examples of question words

Questions

1. Figure 6.12 shows a longijtudinal section through the human eye.
Study the diagram and answer the questions that follow.

a) (abeDparts 2, 3. 4 and 5 respectively. (4)
b) ®Mameand describ®the process that causes part 1 to dilate
(become wider). (5)

2. Figure 6.13 is a longjtudinal section through the human eye. The
structures which enable the eye to focus on objects are missing
in this diagram. Study the diagram and answer the questions that
follow.

a longitudinal section through the missing parts of Figure
6.13 to indicate the appearance of these structures when you are...

a) reading a book. (6)
b) looking at an object more than 6 metres away. (6)
[21]

xiv INTRODUCTION
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Learner’s checklist

Use this checklist to monitor your progress when preparing forthe examination.
The ticks (V') tell you which aspects of the curriculum are covered in this

study guide. The stars (*) tell you to go to textbooks and class notes.

© Department of Basic Education 2014

TOPIC

ASPECT

Covered in
study guide

| do not
understand
understand

DNA: The code of life

Discovery of DNA structure

*

Nucleic acids terminology

Structure of DNA and RNA

Differences between DNA and RNA

DNA replication and the importance thereof

DNA profiling

Protein synthesis

Meiosis

The process of meiosis using diagrams

Significance of meiosis

Abnormal meiosis

Differences between meiosis | and meiosis Il

Reproduction in
vertebrates

Diversity in reproductive strategies

AN NN AN AN AN AN ANAN RN

Human reproduction

Male reproductive system

Female reproductive system

Puberty

Menstrual cycle

Development of the foetus

Gestation

Role of placenta

Genetics and
inheritance

Genetic terminology

Complete dominance

Incomplete dominance

Co-dominance

Inheritance of sex

Sex-linked characteristics

Dihybrid crossing

Mutations

Pedigree diagrams

Genetic engineering

Genetic counselling

Paternity testing and DNA fingerprinting

Responding to the
environment: Humans

The brain

Neurons, reflex actions and reflex arcs

FINTISISTIS IS ISIS IS IS IS IS IS IS IS IS IS IS IS IS SIS

Peripheral nervous system

Autonomic nervous system

*

Brain disorders and injuries

*

Effects of drugs on the central nervous system

*

Structure and functions of parts of the eye
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Responding to the
environment: Humans

Accommodation

Pupillary mechanism

Visual defects

Structure and functions of parts of the ear

Hearing

Balance

Hearing defects

Human endocrine
system

Glands and the hormones they secrete

Negative feedback - glucose

Negative feedback - thyroxin

Homeostasis in humans

Negative feedback - glucose

Negative feedback - carbon dioxide

Negative feedback - water

Negative feedback - salts

The role of the skin on hot and cold days

Responding to the
environment: Plants

Functions of auxins, gibberillins and abscisic acid

Role of auxins in phototropism and geotropism

Plant defence mechanisms is included

Evolution

Evidence for evolution

Sources of variation

Lamarck and Darwin’s theories

Natural and artificial selection

Punctuated equilibrium

Speciation

Mechanisms for reproductive isolation

Evolution in present times

Human evolution: similarities to African apes

Human evolution: differences from African apes

Major phases in hominid evolution

Out of Africa hypothesis

Phylogenetic trees

Human impact on the
environment

Atmosphere and climate change

Water availability

Water quality

Food security

Loss of biodiversity

Waste disposal

Skills

Draw a line graph

Draw a bar graph

Draw a histogram

Draw a pie chart

Answering essay questions
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Meilosis

2.1 What is meiosis?

Meiosis is a type of cell division whereby a diploid cell (somatic cell)
undergoes two cell divisions, and divides to form four dissimilar haploid —= Chromosome
cells (sex cells). Diploid cells have two sets of chromosomes, where each

chromosome has a homologous partner. Haploid cells only have one set Chromatid

of chromosomes. Chromosomes in haploid cells have no homologous —
Centromere

partners.

Before meiosis begins (during interphase), DNA replication takes place. The

result is two sets of chromosomes consisting of two identical chromatids Homologous

joined together with a centromere. This is shown in Figure 2.1 (right). chromosomes

- one from the
mother and one
from the father

2.2 The process of meiosis
In animal cells

Figure 2.1 Homologous
chromosomes

Meiosis is the type of cell division used to
produce gametes or sex cells (sperm and egg
cells). A cell undergoing meiosis will divide twice
- the first division is meiosis | and the second
is meiosis II.

Meiosis

DNA replication and
recombination

In the first meiotic division, the number of cells
is doubled, but the number of chromosomes is
not. This results in half as many chromosomes
per cell.

Meiosis |

In the second meiotic division, the number of
chromosomes does not get reduced.

The diagram alongside shows how meiosis
starts with a diploid cell and divides twice
(meiosis | and Il), resulting in four haploid cells.

Now turn the page to find out what happens during each stage of meiosis | and Il.

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences CHAPTER 2 MEIOSIS (PAPER 1 AND 2) 9



2.2.1 First meiotic division

Spindle fibres

Homologous
chromosomes

Prophase 1

Chromosomes shorten and become visible as two
chromatids joined by a centromere.

Homologous pairs of chromosomes are now visible.
The nuclear membrane and nucleolus disappear.
The spindle starts to form.

Chromatids from each homologous pair touch.
The point where they touch is called a chiasma.

DNA is crossed over (swopped) at the chiasma.
The spindle continues to form.

Metaphase 1

The spindle extends across the whole cell.

The homologous chromosomes line up along the
equator of the spindle in their homologous pairs.

One chromosome of each pair lies on either side of the
equator.

The centromere of each chromosome attaches to the
spindle fibres.

Anaphase 1

The spindle fibres shorten and pull each chromosome
of each chromosome pair to opposite poles of the cell.

Figure 2.5 Telophase 1

Constriction

Telophase 1

The chromosomes reach the poles of the cell.

Each pole has half the number of chromosomes
present in the original cell.

The cell membrane constricts and divides the
cytoplasm in half to form two cells.

10 CHAPTER 2 MEIOSIS (PAPER 1 AND 2)
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2.2.2 Second meiotic division

Figure 2.6 Prophase 2

Prophase 2
¢ Each cell formed during meiosis | now divides again.
* A spindle forms in each of the new cells.

Metaphase 2

¢ Individual chromosomes line up at the equator of
each cell, with the centromeres attached to the
spindle fibres.

Figure 2.8 Anaphase 2

Anaphase 2
¢ The spindle fibres start to contract.

* The centromeres split and daughter chromosomes/
chromatids are pulled to the opposite poles of
each cell.

7
e‘
e.

Figure 2.9 Telophase 2

Telophase 2

* The daughter chromosomes/chromatids reach the
poles and a new nucleus forms.

* The cell membrane of each cell constricts and the
cytoplasm divides into two cells.

* Four haploid daughter cells are formed.

¢ Each daughter cell has half the number of
chromosomes of the original cell.

* The daughter cells are genetically different from each
other.

© Department of Basic Education 2014
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An easy way to remember the events of meiosis is to use the word mnemonic IPMAT.

Letter Phase Event

| Interphase | for in between: The part of the life cycle of the
cell that is in between cell divisions.

P Prophase P for preparation: The chromosomes prepare
for meiosis by untangling and becoming clearly
visible. Crossing over also takes place.

M Metaphase M for middle: The chromosomes move to the
‘middle’ (equator).

A Anaphase A for apart: The chromosomes/chromatids
move apart/move to the poles.

T Telophase T for terminal: The final phase of meiosis I/
meiosis II.

2.3 The significance of
meiosis

There are two reasons why meiosis is important.

1. It reduces the number of chromosomes by half, in other words from
diploid to haploid. This ensures that sex cells have half the number
of chromosomes of other somatic cells so that when fertilisation
occurs the zygote formed has the correct number of chromosomes.
It balances the doubling effect of fertilisation.

2. Crossing over introduces genetic variation. Genetic variation results
in offspring that are better adapted to a particular environment and

ensures that they will have a better chance of

a) Non-disjunction in b) Non-disjunction in .
meiosis | meiosis Il survival.

2.4 Abnormal
meiosis
/\

e Sometimes mistakes occur during the

process of meiosis.

¢ This can happen in Anaphase 1 where
the homologous chromosomes may nhot
separate. Also called non-disjunction.

Py
non-disjunction

N * |t can also happen in Anaphase 2 when there
/\ /\ non'(ysjugcnon /\ is non-disjunction of the sister chromatids.
¢ [f there is non-disjunction of chromosome
pair 21 in humans it leads to the formation
of an abnormal gamete with an extra copy of
chromosome 21.

XX XX 0o O XX 0 X X e If there is fusion between a normal gamete
Figure 2.10 Non-disjunction meiosis | and meiosis Il and an abnormal gamete (with extra copy of
XX : 2 chromosomes X : 1 chromosome O : no chromosome 21) it leads to Down Syndrome.
chromosomes

© Department of Basic Education 2014
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2.5 Differences between
meiosis | and meiosis |1

Meiosis
Il is similar

Meiosis |

Meiosis Il

to mitosis.

The chromosomes arrange at the

equator of the cell in homologous pairs.

Chromosomes line up at the
equator of the cell individually.

poles of the cell.

Whole chromosomes move to opposite

Daughter chromosomes/chromatids
move to opposite poles of the cell.

Two cells form at the end of this division.

this division.

Four cells are formed at the end of

during meiosis I.

The chromosome number is halved

The chromosome nhumber remains
the same during meiosis I.

Crossing over takes place.

Crossing over does not take place.

Table 2.1 The differences between meiosis | and meiosis Il

follow.

N

E)
=% i

~—

Diagram |

Figure 2.11 Two stages of meiosis

Worked example

Study the diagrams below of two stages of meiosis then answer the questions that

)

| —
Diagram I

1. State ONE visible reason in Diagram | which indicates that meiosis is taking

place. (1)
2. How many chromosomes would be present in each daughter cell at the end
of meiosis in this cell? @)
3. Describe what takes place in the cell after the phase shown in Diagram |. 3)
4. Tabulate TWO visible differences between the phases of meiosis shown in
Diagrams | and 1. (5)
[10]

© Department of Basic Education 2014

Mind the Gap CAPS Grade 12 Life Sciences

CHAPTER 2 MEIOSIS (PAPER 1 AND 2) 13



Answers to worked example

1. The chromosomes are lined up at the equator of the cell in their
homologous pairs.v/

OR
The chromosomes show evidence of crossing over.v/ (1)
2. Two v chromosomes. (1)

3. The next phase is Anaphase 1. The spindle fibres contract.v/
(shorten) and pull each chromosomev” of each chromosome pair

to opposite polesv” of the cell. (3)
4, v/
Diagram | (metaphase 1) Diagram Il (metaphase 2)
1. Chromosomes are lined up 1. Chromosomes are lined up
at the equator in homologous at the equator individually.v
pairs.v/’
2. Four chromosomes are 2. Two chromosomes are
present.v’ present.v’
(9))
[10]

Q Activity 1

g

Question 1

Give the correct word or term for each of the statements or definitions
provided below.

1.1 | The structure that joins the two halves of a double-stranded

chromosome (1)
1.2 | A pair of chromosomes, one inherited from each parent, that have the

same genes at the same locus (1)
1.3 | Asingle-stranded chromosome formed during Anaphase 2 (1)
1.4 | The point of contact between two chromosomes of a homologous pair

during crossing over (1)
1.5 | One half of a double-stranded chromosome (1)
1.6 | The phase in meiosis where crossing over occurs (1)

(6]

Answers to question 1

1.1 Centromeres/ (1)
1.2 Homologous chromosomesy’ (1)
1.3 Daughter chromosome/chromatidv’ (1)
1.4 Chiasmav//chiasmata/ (1)
1.5 Chromatidv’ (1)
1.6 Prophase 1/ (1)

[6]
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Question 2

Figure 2.12 (right) represents a process taking place during meiosis. Study

the diagram and answer the questions that follow. l C
2.1 Provide labels for parts A, B, C and D. (4) D - l
2.2 Name the process in meiosis that is illustrated in Figure 2.12. (1) B
2.3 State ONE importance of the process you named in question 2.2. (2) z } l

2.4 Draw a diagram of the structure labelled A to show its appearance A

immediately after the process you named in question 2.2. (2)  Figure 2.12 Diagram

[9] representing a process
taking place during meiosis

Answers to question 2
2.1 A - Chromosomev’

B - Centromerev/

C - Chromatidv’

D - Chiasmav//chiasmata (4)
2.2 Crossing overy/ (1)
2.3 It introduces geneticy variationy/ (2)

2.4 . Adouble-stranded chromosome with the
strands joined by a centromerev

* There is evidence of crossing over.v’

[9]

Question 3

Figure 2.13 (right) represents an animal cell in a phase of meiosis. Study
the diagram and answer the questions that follow.

3.1 State whether the phase of meiosis shown in Figure 2.13 is

meiosis | or meiosis Il (1)
3.2 Give ONE visible reason for your answer in question 3.1. (1)
3.3 Identify the parts labelled A and B. (2)  Figure 2.13 Diagram
3.4 How many chromosomes: representing a phase of
a) were present in the parent cell before meiosis began? (1)  meiosis
b) will be present in each cell at the end of meiosis? (1)
3.5 State ONE place in a human female where meiosis would take
place. (1)
3.6 Could the cell represented in Figure 2.13 be that of a human? (1)
3.7 Explain your answer to question 3.6. (2)
3.8 Give TWO reasons why meiosis is biologically important. (2)

3.9 Give the term for the situation when some of the chromosomes
do not separate correctly during the phase shown in Figure 2.13. (1)
[13]
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For four further problems on
meiosis refer to the following
National Life Sciences exam
papers:

e Life Sciences Paper 1
February/March 2012:
Version 1 — Question 2.1
on page 9.

e Life Sciences Paper
1 November 2010 —
Question 2.1 on page 10.

e Life Sciences Paper 1
February/March 2010 —
Question 1.4 on page 6.

e Life Sciences Paper
1 November 2009 —
Question 1.5 on page 7.

Keep going!

Answers to question 3

3.1 Meiosis IV (1)
3.2 Daughter chromosomes/chromatids are being pulled to the

opposite polesy/ (1)
3.3 A - Spindle fibrev/

B - Cell membranev/ (2)
34a) 8/

by 4/ (2)
3.5 Ovariesv/ (1)
3.6 No/ (1)
3.7 There are only 4 chromosomes presenty instead of 23./ (2)
3.8 It introduces genetic variation.v’

It balances the doubling effect of fertilisation as it halves the

number of chromosomes in the sex cells.v’ (2)
3.9 Non-disjunctionv’ (1)

[13]

Question 4

The diagram below shows the nuclei of the four cells that resulted from
meiosis of chromosome pair 21 in a woman.

M N (0] P
Daughter

chromosomes

Figure 2.14: Diagram that shows the nuclei of four cells resulted from meiosis

4.1 Explain why nucleus N does NOT have a chromosome pair 21. (2)
4.2 Name and explain the disorder that will result if diagram M

represents an egg cell that fuses with a normal sperm cell. (3)

[3]

Answers to question 4

4.1 During Anaphase 1 the chromosome pair 21 does not separatev///
non-disjunction. Gamete M will have an extra copy of chromosome
number 21 and therefore gamete N does not have a copy of
chromosome 21V (2)

4.2 Down syndromey//Trisomy 21 if gamete M fuses with normal
sperm having 1 copy of chromosome 21 v/ the resulting zygote will
have 3 copies of chromosome 21/ (3)

(5]
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Reproduction
In vertebrates

Different groups in the animal kingdom have different strategies to
maximise reproductive success in different environments. These are a few
of the strategies used by vertebrates.

Strategy How it works? What is its advantage?

External The sperm fertilises the egg outside the body | Water prevents the eggs from drying out and

Fertilisation | of the female, usually in water. allows the sperm to swim towards the egg.

Internal The male deposits its sperm inside the Allows terrestrial animals to reproduce in a

Fertilisation reproductive organs of the female and dry environment without the need for water.
fertilisation occurs inside the female’s Internal fertilisation is more certain than external
reproductive organs. fertilisation.

Ovipary Eggs are laid and hatching takes place Egg provides nutrition for the developing embryo
outside the mother’s body. and protects the embryo. A shelled egg frees these

animals from the need to reproduce in water.

Vivipary The young develop inside the uterus of the More efficient development of the embryo as
mother after the eggs are fertilised internally. | nutrients are received for a longer period from

the mother’s blood through a placenta. Embryo is
protected in the body of the mother.

Ovovivipary | Young develop from eggs that are fertilised Embryos obtain their nutrients from the egg
internally and retained within the mother's yolk. The eggs are protected from predators until
body after fertilisation until they hatch. hatching occurs.

Amniote Egg | Embryo protected by the shell of the egg; egg | Amniote egg protects embryo from dehydration.
consists of many extraembryonic membranes | Yolk sac provides nutrition, Allantois for excretion,
that serve different functions. chorion for gas exchange.

Precocial Hatchlings are quite well-developed when Hatchlings are more prepared to handle the

Development | they hatch - eyes open, able to move, able to | challenges of the environment; More independent.
feed. Brain size and intelligence remains the
same throughout their lives.

Altricial Hatchlings are poorly-developed when they Parental care afforded to protect the young from

Development | hatch. Unable to feed on their own, cannot predators.
move. Brain size and intelligence increases a
lot after hatching.

Parental Parental care offered through building of Increases chances of survival of the young.

Care nests, protecting the eggs, protecting the
young, teaching the young.

’{]b,Acﬁvﬂy1
—v

Questions

Indicate whether each of the statements in COLUMN | applies to A ONLY,
B ONLY, BOTH A and B or NONE of the items in COLUMN Il. Write A only, B
only, both A and B, or none next to the question number (1 to 5).
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COLUMN I COLUMN I

1. Oviparous A Eggs are produced
B Eggs are always incubated by the female
2. Ovoviviparous A Eggs incubated in nests
B Eggs incubated in the female’s body
3. Precocial A Small, helpless offspring born
B Intense parental care required
4. Viviparous A Gestation period required
B Live offspring born
5. Altricial A Intense parental care required
B Offspring can look after themselves
(5x2)
[10]

Answers to activity 1

1. Aonly (B is wrong, because some animals, like insects, simply lay
their eggs and do not incubate them. In some birds both the male
and female incubate the eggs)

2. Bonly (Ais wrong, because the eggs are not released from the
female’s body)

3. None (Precocial animals are born quite well-developed, they can

live independently from their parents and find their own food, so

parental care is not required)

Both Aand B

5. Aonly (Bis wrong, because altricial animals are born small and
helpless. They cannot look after themselves or find their own food.
Their parents must look after them, protect them and feed them.)

(5x2)
[10)

P

Keep going!
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Reproduction

4.1 Male reproductive system

Figure 4.1 below shows the different parts of the male reproductive system

and their functions.

Seminal vesicle: A gland
that produces a nutrient-
rich fluid that that provides
energy for the sperm cells

Cowper’s gland: Produces
mucus that helps with the
movement of sperm cells

Scrotum: Skin sac that
protects the testes

and holds the testes
‘outside’ the body, at a
temperature that is 2°C
below 37 °C. This is the
best temperature for the
production of sperm

Prostate gland: Produces an
alkaline fluid that neutralises the
acids produced in the vagina,
which would kill sperm cells

Sperm duct: Transports sperm
from the epididymis to the urethra

Urethra: Transports semen and
urine out of the body

Epididymis: Sperm cells mature
and are stored here

Testes: Produces sperm cells and
the hormone testosterone

Figure 4.1 Structure of the male reproductive system

Functions of testosterone

The testes produce the hormone testosterone, which has the following

functions:

1. Development of male secondary sexual characteristics, such as
beard, pubic hair, deep voice and a muscular body.
2. Stimulates the maturation of sperm cells.

Structure of a sperm cell

Figure 4.2 below shows the different parts of a sperm cell and their

functions.
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Acrosome: Contains
B enzymes to digest wall of
egg cell for fertilisation
Head —
TN Nucleus: Contains
L 23 chromosomes
Middle section or Mitochondria: Provide
i i — ; ;
energy for swimmin
body / &y g
. Tail: Used for swimming
Tail —

Figure 4.2 Structure of a sperm cell

Q Activity 1
S

Questions

1. Name the accessory glands of the male reproductive system and
give ONE function of each. (10)

2. Name the organ where testosterone is produced. (1)

3. Give TWO functions of testosterone. (2)

4. Name all the parts of the sperm cell that are responsible for
movement. State what the function of each part is. (4)

5. Explain the role of the nucleus of the sperm cell in fertilisation. (3)

[20]

Answers to activity 1
1.

Seminal vesiclev/ produces a fluid that contains nutrientss/ for

the sperm cells, so that they have energy to swim.v/’

Prostate glandv” produces an alkaline fluidv” that neutralises

acidsv/produced in the vagina, so that sperm cells are protected./

Cowper’s glandv” produces mucusv” that helps with the

movementy/ of sperm cells. (10)

Testesv (1)

Testosterone is responsible for the development of male

secondary sexual characteristicsv” and it stimulates the

maturation of sperm cells.v’ (2)

Mitochondriav” provide energy for swimming.v/

Tailv" moves in a whip-like fashion to propel the sperm cell

forwards.v/ (4)

The nucleus contains 23 chromosomes (n)v/, and fuses

with the nucleus of an egg cell, which also contains 23

chromosomes (n)v. The result is a zygote with

46 chromosomes (2n).v (3)
[20]
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4.2 Female reproductive

system

Figure 4.3 below shows the different parts of the female reproductive

system and their functions.

Fallopian tube: Connects the
ovaries to the uterus, transports
egg cells from the ovary; it is
the site of fertilisation

Ovary: Produces egg cells,
secretes progesterone and
oestrogen

Uterus: Carries the
embryo and foetus during
pregnancy

Endometrium: Inner lining

of uterus; place where the
embryo implants and the

Vagina: Receives the penis
and semen during sexual
intercourse; it is the passage
through which the baby is born

Figure 4.3 Structure of the female reproductive system

a Activity 2
—v

Questions

Provide the correct biological term for the following definitions.
1. The inner lining of the uterus

2. Tube that connects the ovaries to the uterus

3. The structure that produces female hormones
4

placenta forms

Cervix: Lower, narrow part
of uterus. It stretches to
allow the baby through
during childbirth

The part where development of the embryo/foetus normally

takes place in humans

1. Endometriumy/
2. Fallopian tubev’
3. Ovary/placentav’
4. Uterusv/

Answers to activity 2

[4]

4.3 Puberty

Puberty is the period in humans in which they experience physical changes

in their bodies in order to be capable of sexual reproduction.
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Puberty in males Puberty in females

Stimulated by testosterone Stimulated by oestrogen

Growth of male sex organs Growth of female sex organs

Start of the production of sperm cells Start of the menstrual cycle and production of ova
Growth of pubic hair, facial hair and body hair Growth of pubic hair

Development of muscles and deepening of voice Growth and development of breasts and widening of hips

4.4 Menstrual cycle

The series of diagrams in Figure 4.4 below shows the events occurring in
the ovary (ovarian cycle) and uterus (uterine cycle) during the menstrual
cycle. The days are not exact, but are averages.

Day 8-13

Ovaries: Mature Graafian follicle

develops:

¢ The Graafian follicle moves to
edge of the ovary

* |t secretes oestrogen

Uterus: Oestrogen stimulates the
endometrium to become thicker
and develop more blood vessels
and glands

Day 14

Ovaries: Graafian follicle
bursts to release an egg
cell. The process is called
ovulation

Day 15-22
Ovaries: The Graafian
follicle becomes a
corpus luteum that
secretes progesterone

Uterus: Progesterone
stimulates the
endometrium to
become even thicker
and to develop more
blood vessels and
glands, ready to receive
the embryo if an egg
cell is fertilised

Day 1-7
Ovaries: New
follicles develop
and secrete
oestrogen

Uterus: Lining
breaks down
and is released
(menstruation)

Day 23-28
Ovaries:
If fertilisation does not take place:

* The corpus luteum shrinks and stops secreting
progesterone

If fertilisation takes place:

¢ The corpus luteum remains active in the ovary
and continues to secrete progesterone

* No more follicles develop in the ovaries
* No menstruation takes place

Figure 4.4 The menstrual cycle
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4.5 Hormonal control of the
menstrual cycle

The graph in Figure 4.5 below shows changes in the ovary, uterus and in
the level of hormones during a 28-day menstrual cycle.

ry
A

Pituitary/
hypophysis
hormone levels

FSH

B
Growth of follicle

c Oestrogen

Ovarian hormone
levels

M\ — Progesterone

D Thickness of
uterine lining/
endometrium

Days

Figure 4.5 Hormonal regulation of the female reproductive cycle

The hormonal changes that take place at A, B, C and D in the graph in
Figure 4.5 above are explained in Table 4.1 below.

A B C D
Day Pituitary gland | Follicle is developing to become a | Oestrogen levels Thickness of
0-11 | produces Graafian follicle containing an egg | increase as the hormone | endometrium increases
FSH which cell. is produced by the from day 7 (after
stimulates follicle. menstruation has
development ended) as a result of
of the follicle. oestrogen.
Day FSH and LH Follicle development is completed | Oestrogen levels reach Endometrium thickens
11- (produced by | as a result of the influence of FSH | a maximum towards day | further.
17 the pituitary by day 14. 14 until ovulation takes
gland) levels | oyulation is stimulated by high place, but then start to
are highest levels of FSH and LH on day 14. decrease because the
ifund day LH then stimulates the g::t?s:i:g“de stops
) development of the corpus luteum. ’
Day LH levels Corpus luteum produces Oestrogen levels Progesterone prepares
17- decrease and | progesterone. increase again and then | endometrium fully for
28 then remain Corpus luteum gradually decrease towards the pregnancy.
constant to disintegrates since fertilisation end of the cycle. Decreased
maintain does not take place. Progesterone levels progesterone levels
the corpus increase towards day 21. | from around day 21
luteum. Progesterone levels cause endometrium to
decrease when corpus | Shed after day 28 by
luteum disintegrates and | Ménstruation since no
stops functioning. fertilisation took place.

Table 4.1 Hormonal changes during the menstrual cycle

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences

CHAPTER 4 REPRODUCTION (PAPER 1) 23




Growth of follicle

Ovarian
hormone levels

11\

Make sure you know how
to interpret the graph in
Figure 4.6 before you try to
answer the questions:

¢ All the information refers
to the ovary.

e The information is
presented in graph
form. The days of the
menstrual cycle are
indicated on the X-axis.

¢ The graph should be read
from left to right in the
same way that you read a
sentence.

e The graph illustrates
the concentrations
of two hormones,
namely oestrogen and
progesterone.

)

Q Activity 3
S

Study Figure 4.6 below and answer the questions that follow.

Hormonal regulation of the menstrual cycle

k@@@@)@i@

0 7 14

21 28

Figure 4.6 Hormonal changes during the menstrual cycle

1. Name the hormones A and B. (2)
2. Give reasons for your answers in question 1. (2)
3. What event occurs on day 14? (1)
4. Name the other two hormones involved in this cycle. (2)
5. Did fertilisation occur during the cycle shown in Figure 4.6? (1)
6. Explain your answer in question 5. (2)
[10]
Answers to activity 3
1. A - Oestrogen/” B - Progesterone/ (2)
2. A: The Graafian follicle secretes oestrogeny'/Oestrogen reaches
its maximum level before ovulation.v’
B: The corpus luteum produces progesteronev'/Progesterone
reaches its maximum level after ovulation.v/ (2)
3. Ovulationv (1)
4. LHv and FSHv/ (2)
5. Nov/ (1)
6. Progesterone levels decreasev” towards the end of the cycle.
The corpus luteum decreasesv’ in size. (2)
[10]

Here is a hint to help you to remember the names of the two hormones:
e 0 stands for Oestrogen and when it is high, Ovulation occurs.
e P stands for Progesterone and when it remains high, there is a

Pregnancy.
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4.6 Development of the
foetus

Figure 4.7 below shows the stages in the development of the foetus.

Fallopian tube

Embryo
Fertilisation
Sperm cell
Egg cell
Ovulation
Foetus
Chorion
Umbilical cord
Ovary Amnion
Placenta Amniotic fluid

Figure 4.7 Stages in the development of the foetus

Explanation of Figure 4.7

1. Inthe ovary a mature Graafian follicle bursts (usually on day 14 of
the menstrual cycle) and releases an egg cell. This process is called
ovulation.

2. Fertilisation takes place high up in the fallopian tube. The egg
cell (containing 23 chromosomes) and sperm cell (containing 23
chromosomes) fuse to form a zygote (containing 46 chromosomes).

3. The zygote divides by mitosis to form a morula, then a blastocyst, and
finally an embryo as it moves down the Fallopian tube.

4. It takes about 5 to 7 days for the embryo to reach the uterus.

5. Inthe uterus the embryo settles on the endometrium and sinks
into it, embedding itself in the endometrium. This process is called
implantation.

6. After implantation, the embryo produces many finger-like structures

called villi from the outer membrane of the embryo, which is known

as the chorion.

The villi grow into the tissue of the uterus to form a placenta.

The placenta is attached to the embryo by the umbilical cord. It

has 2 umbilical arteries (which carry deoxygenated blood from the

embryo towards the placenta) and 1 umbilical vein (which carries
oxygenated blood from the placenta to the embryo).

9. The embryo is enclosed in a fluid-filled sac called the amnion. The
fluid is called the amniotic fluid.

10. After about 8 weeks, the embryo develops structures such as limbs
and all the organs of the body. Now it is called a foetus.

11. Gestation is the period between fertilisation and the birth of the
baby. It usually lasts for a period of 9 months (39-40 weeks).

12. The stages involved in the natural birth process are:

e Dilation of the cervix (labour)
* Expulsion of the foetus.

e Delivery of the afterbirth (placenta) and extra-embryonic
membranes.

o N
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a Activity 4
—w

Questions

1. On which day of the menstrual cycle does ovulation usually take
place? (1)

2. What happens to the Graafian follicle after ovulation? (1)

3. Name the TWO hormones that are released by structures in the

ovaries. (2)
4. Give THREE functions of the amniotic fluid. (3)
5. Give TWO substances that can move from the mother to the foetus
through the placenta. (2)
6. Give TWO substances that can move from the foetus to the mother
through the placenta. (2)
[11]
Answers to activity 4
1. Day 14v (1)
2. It changes into a corpus luteum.v/ (1)
3. Oestrogen/ and progesterone.v’ (2)
4. The amniotic fluid protects the foetus against shockv/,
drying outv” and temperature changes.v’ (3)
5. Oxygenv/, nutrientss/ (amino acids, glucose, other sugars),
virusesv” and drugsv’ (2)
6. Carbon dioxidev/” and waste productsy” (urea). (2)
[11]

For more questions on the female reproductive system, refer to the following
National Life Sciences exam paper:

e Life Sciences Paper 1 November 2010 — Question 3.1 on page 12.

e Life Sciences Paper 1 March 2011: Version 1 — Question 3.1 on
page 11.

Keep going!
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Responding to the
environment -
humans

The human nervous system

The nervous system is responsible for processing and transmitting

information throughout the body:

* [t tells the body how to react to stimuli (changes in the environment
to which the body responds). For example, it regulates body
temperature on a hot or cold day. It is also responsible for the reflex
action, for example, when you step on a pin or touch a hot surface.

¢ The nervous system also coordinates the various activities of the
body, such as walking, hearing, seeing, and so on.

The central nervous system consists of the brain and the spinal cord.

6.1 The brain

6.1.1 Structure and functions
of the brain

Figure 6.1 below shows the different parts of the brain and their functions.

A. Cerebrum E. Corpus callosum

Connects the left and
right hemispheres of
the brain - allowing
communication between
both hemispheres

¢ Controls voluntary
actions

* Receives and interprets
sensations from sense
organs

* Higher thought processes

D. Hypothalamus

Control centre for hunger,
thirst, sleep, body
temperature and emotions

Pituitary gland

C. Medulla oblongata

* Transmits nerve impulses
between the spinal cord
and the brain

B. Cerebellum

* Coordinates all
voluntary movements

e Controls involuntary ~ ] e Controls muscle
actions such as heartbeat tension to maintain
and breathing balance

Figure 6.1 The structure and functions of the brain
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Q Activity 1
S

Questions
Write down the name of the part which:
1. Controls heartbeat (1)
2. Contains the centres that control balance, muscle tone and
equilibrium (1)
3. Has centres that interpret what you see (1)
4. Coordinates voluntary muscle movements (1)
5. Controls body temperature (1)
[5]
Answers to activity 1
1. Medulla oblongatav (1)
2. Cerebellumv (1)
3. Cerebrumv (1)
4. Cerebellumv (1)
5. Hypothalamusy (1)
(5]

6.2 Neurons

Neurons are specialised cells which connect the brain and spinal cord to
all other parts of the body.

4 - ~ Cell body
About mind Dendrite: Transmits impulses towards
maps: the cell body of the neuron

Look at the
information about mind maps
on page xii. Information
represented in a mind
map resembles the way
information is stored in

Nucleus

Axon: Transmits impulses away from
the cell body of the neuron

our brains. A mind map is Myelin sheath
an excellent technique for
studying.

N _/ Figure 6.2 A neuron
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There are three types of neurons, namely sensory (afferent) neurons,
motor (efferent) neurons and interneurons (or connectors). Table 6.1
below shows the structure and function of these neurons.

Type of neuron Function Structure
Sensory Transmits impulses
(afferent) from the sense organs
neuron or receptors to the
spinal cord and brain. Direction of
impulses
Senses the
stimulus
Cell
body

Figure 6.3 Sensory neuron

Motor (efferent) | Transmits impulses

neuron from the brain and
spinal cord to the . .
ffectors (muscles and Cell Direction of
Response to € bod impulses
. glands). The effectors ody
the stimulus .
bring about the
response.
You must
know the structure and
function of the different
neurons in order to
Figure 6.4 Motor neuron understand the reflex
action, which will be
Interneuron Links the sensory discussed next.
(connector) neuron to the motor
Found in the neuron. :
brain and Cell
spinal cord body

]

Figure 6.5 Interneuron

Table 6.1 Sensory, motor and interneurons

A synapse is the functional connection between the axon of one
neuron, and the dendrites of another neuron.
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6.3 Reflex arc

Areflex action is a quick, automatic action that involves the spinal cord and
does not involve the brain. It is an important function to protect the body
from harm. Examples are blinking the eye, coughing, sneezing, dilation
and constriction of the pupil of the eye, and quickly withdrawing your hand

when it touches a hot surface.

The reflex arc is the path along which an impulse is transmitted to bring

about a response to a stimulus during a reflex action.

Figure 6.6 below shows what happens when you hold your finger close to

a flame. The grey arrows represent the reflex arc.

The path of a reflex arc:

Receptor (A) — Sensory neuron (B) — Interneuron (C) — Motor neuron (D) — Effector (E)

A Receptor: A structure which receives a
stimulus and converts it into an impulse
(the heat sensor of the finger feels burn)

C Interneuron: Carries the impulse
from sensory neuron to the motor
neuron in the spinal cord

B sensory
neuron:
Carries the
impulse from
the receptor to
the spinal cord

E Effector:

A structure
which
produces the
reaction (the
muscles in the
finger contract
and the finger
is pulled
away)

Grey matter
White matter

effectors

D Motor neuron: Carries
the impulse from the
spinal cord to the

Figure 6.6 The reflex action of withdrawing a finger when placed in a flame
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a Activity 2
—v

Questions

Use the diagram of the reflex arc in Figure 6.6 on page 44 to answer the
following questions.

1.

2.

Part B indicates the ...
A dendrite of the motor neuron.
B axon of the motor neuron.
C dendrite of the sensory neuron.
D axon of the sensory neuron. (2)
The correct sequence in which impulses move from the receptor to
the effector in the reflex arc in Figure 6.6 is ...
A A-B—-C—-D—E
B C—-A—-B—E—-D
C C—-B—-E—-D—>A
D A-D—-E—>B—-C (2)
Give the correct term for the following definitions:
a) A structure which receives a stimulus and converts it into
a impulse
b) A structure which responds to a stimulus, e.g. a muscle
or gland
¢) A neuron that carries impulses from the central nervous system
to the effectors
d) A neuron that carries impulses from the receptors to the central
nervous system
e) A neuron that carries impulses from a sensory neuron to a
motor neuron in the spinal cord
f) Avery quick, automatic action that involves the spinal cord
and not the brain
g) The pathway along which an impulse is transmitted to
bring about a response to a stimulus during a reflex
action 7x1=(7)
[11]

Answers to activity 2
1.
2.
3.

cvv (2)

AV (2)

a) Receptory/

b) Effector/

c) Motor/efferent neuronv

d) Sensory/afferent neuronv’

e) Interneuron/// connector

f) Reflex action/

g) Reflexarc/ 7x1=(7)
[11]
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6.4 The human eye

Figure 6.7 below shows the different parts of the eye and their functions.

Retina: Contains

Sclera: The tough
white outer coat,
which protects the
eye against damage

Choroid: A dark-

coloured layer

which:

* Reduces
reflection

¢ Isrich in blood
vessels which
supply the cells
of the eye with
nutrients and
oxygen

Yellow spot: Has
the greatest
number of cones;
this area offers the
clearest image

Optic nerve:
Carries nerve
impulses from the
retina to the brain

Figure 6.7 The structure of the eye

the light-sensitive
Cornea: receptor cells, i.e.
Responsible the rods and cones
for the
refraction
(bending) of
light rays from
the object,
to create the
image on the
retina
p e
Suspensory \
ligament:
Holds the lens
in position
Pupil: A
circular
opening in
the iris which
allows light :
into the eye 20
Aqueous {
humour:
Watery fluid N
that supports e
the cornea
and the front
chamber of
the eye
Iris: The Lens: Changes Vitreous
coloured shape for near humour:
part of the and distant A jelly-like
eye (far) vision substance
which gives
shape to the
eye

Blind spot: This area
has no rods and
cones; therefore
there is no vision at
this point
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6.4.1 Accommodation

Accommodation is the adjustment of the shape of the lens to see objects
clearly whether they are far away or close by. This is shown in Table 6.2 and

Figures 6.8 and 6.9 below.

Distant vision (objects further than 6 m)

Near vision (objects closer than 6 m)

Ciliary muscles relax

Ciliary muscles contract

Suspensory ligaments tighten (become taut)

Suspensory ligaments slacken

Tension on lens increases

Tension on lens decreases

Lens is less convex (flatter)

Lens becomes more convex (more rounded)

Light rays are refracted (bent) less

Light rays are refracted (bent) more

2 I B B B

Light rays are focused onto the retina

2 I B B

Light rays are focused onto the retina

Ciliary muscles
relax

)
)

Suspensory
ligaments
become taut

Lens becomes
less convex

Figure 6.8 Distant vision

Ciliary muscles
contract

Suspensory
ligaments
slacken

Lens becomes
more convex

Figure 6.9 Near vision

Table 6.2 Accommodation of the eye for distant and near vision

6.4.2 Pupillary mechanism

The pupillary mechanism (or pupil reflex) regulates the amount of light
entering the eye by adjusting the size of the pupil. This is shown in Table 6.3

and Figures 6.10 and 6.11 below.

Light is bright

Light is dim

Radial muscles of the iris relax

Radial muscles of the iris contract

Circular muscles of the iris contract

Circular muscles of the iris relax

1
2
3. Pupil constricts (gets smaller)
4

Less light enters the eye

1
2
3. Pupil widens (gets bigger)
4

More light enters the eye

Sclera
Radial
) muscles of
Pupil iris relax
constricts
(becomes Circular
smaller) muscles of

iris contract

Figure 6.10 The pupil in bright light

Sclera ]
Radial
. muscles of
Pupil -
. iris contract
widens
Circular
muscles of
iris relax

Figure 6.11 The pupil in dim light

Table 6.3 Pupillary mechanism

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences

CHAPTER 6 RESPONDING TO THE ENVIRONMENT — HUMANS (PAPER 1) 47




Short sightedness

Figure 6.12 A

concave lens

Long sightedness

Figure 6.12 B

convex lens

Figure 6.13 Longitudinal
section through the human

eye

Figure 6.14 Longitudinal

section through a human eye

6.4.3 Visual defects

Visual defect Nature of the defect Corrective measures
Short- Inability of lens to become Wearing glasses with
sightedness more flat/eyeball is longer than | converging (biconcave)
Near objects normal lens
can be Lens bends the light rays too Figure 6.12 A
seen clearly much
(myopia) As a result it falls in front of the
retina
causing the image to be blurred
Cannot see distant objects
clearly
Long- Inability of lens to become more | Wearing glasses with
sightedness convex/eyeball is shorter than converging (biconvex)
Objects far normal lens
away can be Lens does not bend light rays Figure 6.12 B
seen clearly enough
(hyperopia) As a result it falls behind the
retina
causing the image to be blurred
Cannot see near objects clearly
Astigmatism The curvature of the lens or Glasses with lenses
cornea is uneven resulting in shaped to correct the
distorted images distortion
Cataracts Lens becomes cloudy and Surgery to replace the
opaque lens with a synthetic
lens

Q Activity 3
S

Questions

1. Figure 6.13 shows a longijtudinal section through the human eye.
Study the diagram and answer the questions that follow.
a) Label parts 2, 3, 4 and 5 respectively.
b) Name and describe the process that causes part 1 to dilate
(become wider).
2. Figure 6.14 is a longijtudinal section through the human eye. The
structures which enable the eye to focus on objects are missing
in this diagram. Study the diagram and answer the questions that

follow.

Draw a longitudinal section through the missing parts of Figure 6.14
to indicate the appearance of these structures when you are ...

a) reading a book. (6)
b) looking at an object more than 6 metres away. (6)
[21]
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Answers to activity 3
1. a) 2 - Cornea/

3 - Lens/
4 - Suspensory ligamentsv’
5 - Ciliary musclesv// body (4)

b) Pupillary mechanismv// pupil reflex

The radial musclesv of the iris contractv/ and the circular
musclesv relax.v’

The pupil dilates and more light enters the eye./ (5)
2. a) b)
Ciliary musclev’ Cilliary r‘T}uscle/
contractsy’ relaxes
Lensv more Lens/less
convexv’ convex/flatterv/
Suspensory Suspensory
ligaments v/ ligamentsy/
slackenv/ tighten/become
tautv’
(6) (6)
[21]
6.5 The human ear
6.5.1 Structure of the ear
The human ear consists of three main parts:
e The outer ear
e The middle ear
e Theinner ear
Outer Middle Inner
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Figure 6.15 below shows the structure and function of each part of the

human ear.
Ossicles

Pinna: [ I I

Directs Hammer Anvil Stirrup

sound _

waves to

eardrum Tymrganun? Ossicles: Transmit
(Ter!:nsmirg).sound | | vibrations from the
waves to the eardrum to inner
middle ear ear
Ear canal (auditory ~ | Eustachian tube:
canal): Transmits Equa_ullses pressure
sound waves to the on either side of
eardrum the eardrum

A. Outer ear | B. Middle ear

Semi circular canals: Balance of
the body

Oval window:
Transmits sound
waves to the
inner ear

Sacculus and utriculus: Balance
of the body

Round window:
Releases
pressure from
the inner ear

Auditory nerve: Transmits
impulses to the brain

Cochlea: Contains the organ of
Corti which converts sound waves
into nerve impulses

C. Inner ear

Figure 6.15 The structure of the ear

6.5.2 Hearing

Figure 6.16 below shows how the three parts of the ear work together
to make it possible for us to hear. The grey arrows show the path of a

sound wave.
Ossicles

hammer anvil stirrup

Pinna
Semi circular
canals
Tympanum
(eardrum) ﬁte:rtl:&zjllaxss and
Ear canal

Auditory nerve

Cochlea

Oval window

Round window

Eustachian
Middle ear Inner ear tube

Figure 6.16 How hearing takes place
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Look at Figure 6.16 above and read the information in Table 6.4 below to
understand how hearing takes place.

Part of ear What it does during the hearing process

Pinna Traps the sound waves and directs them into the
auditory canal.

Tympanic membrane | Vibrates and transmits the vibrations to the ossicles
in the middle ear.

Ossicles The ossicles amplify the vibrations and carry them via
the middle ear to the membrane of the oval window.

Oval window Vibrates and causes pressure waves in the inner ear.

Cochlea These vibrations cause the sensory cells in the organ
of Corti to be stimulated in the cochlea and nerve
impulses are generated.

Auditory nerve Transmits nerve impulses to the cerebrum to be
interpreted.

Table 6.4 The hearing process

6.5.3 Balance

The human ear is responsible for balance in this way:
1. The cristae in the semicircular canals are stimulated by changes in
the direction and speed of movement

2. The maculae in the sacculus and utriculus are stimulated by
changes in the position of the head

When stimulated, the cristae and maculae convert the stimuli received
into nerve impulses.

The nerve impulses are transported along the auditory nerve to the
cerebellum to be interpreted.

The cerebellum then sends impulses to the muscles to restore balance.

6.5.4 Hearing defects

Hearing defect Causes Treatment

Middle ear * Excess fluid in the middle | ¢ Inserting grommets

infection ear caused by pathogen  Antibiotics
infection

Deafness * Injury to parts of the ear, * Hearing aids
nerves or parts of brain « Cochlear implants

responsible for hearing
* Hardened wax

* Hardening of ear tissues
such as ossicles

Table 6.5 Hearing defects
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a Activity 4
—w

Questions
Study Figure 6.17 below and answer the questions that follow.

For more questions on the
human nervous system,
refer to the following
National Life Sciences exam

papers:
e Life Sciences Paper 2 A B G F
March 2012: Version 1 — Figure 6.17 Parts of the ear

Question 2.1 on page 9

and Question 2.2 on 1. Identify the parts labelled B, C and F. (3)
page 10. 2. Give the function of the pinna. (2)
e Life Sciences Paper 2 3. Write the letter of the part which:
November 2011: Version a) contains receptors for balance. (1)
1 — Question 1.4 on b) equalises the pressure on either side of part B. (1)
page 9; Question 2.1 on c) transmits impulses to the brain. (1)
page 11 and Question 4. Describe how hearing occurs. (8)
2.20n [16]
page 12.
Answers to activity 4
1. B -Tympanic membranes/
C - Malleus/hammer/an ossiclev/’
F - Cochleav (3)
2. It directs sound wavesy” into the auditory canal/'. (2)
3. a) D/
b) G/
c) EV/ (3)
4. + Sound waves are directed into the auditory canalv/ by the
pinnav’.

e The sound waves make the tympanic membrane vibrates/” and
the vibrations are passed on to the ossiclesv” in the middle
ear.

* The ossicles make the oval window vibrates/” and this causes
pressure waves to be set up in the inner ear.

e These vibrations also cause the organ of Cortiv" to be
stimulated and it generates impulses which are sent to the
cerebrumy” along the auditory nervev/'.

e The cerebrum interprets the impulses as soundv. (8)

Keep going! el
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Endocrine system

7.1 The human endocrine system

The endocrine system is responsible for chemical coordination and regulates
activities that take place inside the body. The endocrine system consists of glands
that produce different hormones, which are the body’s chemical messengers. Figure
7.1 below shows the glands of the endocrine system, the hormones they produce and
the function of these hormones in the body.

Hypothalamus:

ADH (antidiuretic
hormone)

* Target organ: Kidney
e Controls the

concentration of water
in the blood

Thyroid gland:
Thyroxin

e Controls basic metabolic
rate

Adrenal gland:
Adrenalin
Increases:

* heartbeat

e blood pressure

e conversion from
glycogen to glucose

* blood supply to the
cardiac and skeletal
muscles

* skeletal muscle tone

e rate and depth of
breathing

e diameter of pupils

Decreases:

* blood flow to the
digestive system and
skin

Aldosterone

* Target organ: Kidney

* Regulates salt
concentration in the
blood

0

|

The names
of the hormones

are printed in
bold rtalics.

Pituitary gland (hypophysis):

GH (growth hormone)

* Controls growth

TSH (thyroid stimulating hormone)

* Stimulates thyroid gland to
secrete thyroxin

Reproductive hormones:
FSH, LH and prolactin

¢ FSH - stimulates the
development of the follicle in the
ovaries

e LH - stimulates ovulation, and
stimulates development of the
corpus luteum

¢ Prolactin - stimulates the
mammary glands to secrete milk

Pancreas: Islets of Langerhans
Glucagon

* Stimulates conversion of
glycogen to glucose (increases
blood glucose levels)

Insulin

» Stimulates conversion of glucose
to glycogen (reduces the blood
glucose levels)

Ovary (only fem'ales):

Reproductive hormones:

Oestrogen and progesterone

* QOestrogen - stimulates puberty in females,
promotes thickening of the endometrium

¢ Progesterone - promotes thickening of the
endometrium, maintains pregnancy

Testes (only males):

Reproductive hormone:
Testosterone

¢ Stimulates the maturation of
sperm cells

¢ Stimulates puberty in males

Figure 7.1 The human endocrine system
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7.2 Negative feedback

Homeostasis is a process of maintaining a constant internal environment
(blood and tissue fluid) within the body. This enables the body to function
efficiently, despite changes in the external or internal environment.

Negative feedback mechanisms operate in the human body to detect
changes or imbalances in the internal environment and to restore the
balance.

7.2.1 General sequence of events in
a negative feedback mechanism

Step 1: An imbalance is detected.

Step 2: A control centre is stimulated.

Step 3: Control centre responds.

Step 4: Message sent to target organ/s.
Step 5: The target organ responds.

Step 6: It opposes/reverses the imbalance.

Step 7: Balance is restored.

7.2.2 Example of a negative
feedback mechanism

We will look at the regulation of thyroxin in the human body. There are two
glands involved in the control of thyroxin levels:

* Gland 1: Thyroid gland (releases thyroxin)

e Gland 2: Pituitary gland (releases TSH)

Let us now look at the sequence of events in this feedback mechanism.
When you read the flow diagrams, start with NORMAL THYROXIN LEVELS.

Situation 1
Step 1: | Thyroxin levels increase above normal limits Pituitary gland Thyroid gland
releases less TSH "
Step 2: | Pituitary gland is stimulated releases'less
thyroxin

Step 3: | Pituitary gland produces less TSH
Step 4: | Low TSH level stimulates the thyroid gland v

Thyroxin level Thyroxin level
Step 5: | The thyroid gland secretes less thyroxin increases decreases
Step 6: | The thyroxin level thus decreases
Step 7: | Thyroxin level returns to normal

NORMAL THYROXIN

LEVELS
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Thyroxin level
decreases

|

Situation 2 NORMAL THYROXIN
_ — LEVELS

Step 1: | Thyroxin levels decrease below normal limits

Step 2: | Pituitary gland is stimulated

Step 3: | Pituitary gland produces more TSH Thyroxin level

increases

Step 4: | High TSH level stimulates the thyroid gland A

Step 5: | The thyroid gland secretes more thyroxin

Step 6: | The thyroxin level thus increases Thyroid gland <

releases more
Step 7: | Thyroxin level returns to normal thyroxin
Q Activity 1
Sy

Question
The flow chart in Figure 7.2 below shows the control of glucose levels.

Provide labels for 1 to 6. [6]

Liver and muscles: Glucose
converted t0 2 .....ccoeeuueeeen.

Pancreas: Releases 1. ............

A

Pituitary gland
releases more TSH

Glucose level increases

\

4

Glucose level 3

NORMAL GLUCOSE LEVEL

Glucose level 4 .................. Glucose level increases

A

LS S releases >
glucagon

Liver and muscles: Glycogen
convertedto 6 ...............

Figure 7.2 The negative feedback system to control glucose levels in the body

Answers to activity 1

1. Insulin/ 2. Glycogen v/
3. Decreasesv 4. Decreasesv’
5. Pancreas v/ 6. Glucosev

[6]

Keep going!
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Homeostasis In
humans

8.1 Introduction

Homeostasis is the process of maintaining a constant internal environment
within the body. The internal environment refers to the blood and tissue
fluid that surrounds the cells of the body. Homeostasis enables the body to
function efficiently, despite changes that might occur in the external or internal

environment.

Changes in temperature, glucose levels, carbon dioxide levels, water levels and
salt levels of the internal environment affects the homeostatic balance of the
body. Negative feedback mechanisms operate in the human body to detect
changes or imbalances in the internal environment and to restore the balance.

8.2 Negative feedback
mechanisms

General sequence of events in a negative feedback mechanism :

Step 1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:
Step 7:

An imbalance is detected.

A control centre is stimulated.
Control centre responds.

Message sent to target organs/s.
The target organ responds.

It opposes/reverses the imbalance.

Balance is restored.

8.2.1 The regulation of glucose levels
in the internal environment

When the glucose level in the blood increases above normal levels:

Step 1 Glucose levels in the blood increase above normal levels

Step 2 The pancreas is stimulated

Step 3 to secrete insulin into the blood

Step 4 Insulin travels in the blood to the liver

Step 5 where it stimulates the conversion of excess glucose to glycogen which is then stored
Step 6 The glucose level in the blood now decreases

Step 7 and returns to normal
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When the glucose level in the blood decreases below normal levels:

Step 1 Glucose levels in the blood decrease below normal levels

Step 2 The pancreas is stimulated

Step 3 to secrete glucagon into the blood

Step 4 Glucagon travels in the blood to the liver

Step 5 where it stimulates the conversion of stored glycogen to glucose

Step 6 The glucose level in the blood now increases

Step 7 and returns to normal

Pancreas secretes »| Glucose is converted
insulin to glycogen
A
\J
Glucose level Glucose level
increases decreases

A

Normal glucose levels in blood

Y

Glucose level Glucose level
decreases increases
A
v
Pancreas secretes > Glycogen is
glucagon converted to glucose

Figure 8.1 Negative feedback mechanism to regulate the glucose levels

8.2.2 The regulation of carbon dioxide levels in the
internal environment

When the CO, level in the blood increases above normal levels:

Step 1 CO, levels in the blood increase above normal levels

Step 2 Receptor cells in the carotid artery in the neck are stimulated

Step 3 To send impulses to the medulla oblongata in the brain

Step 4 Medulla oblongata stimulates breathing muscles (intercostal muscles and diaphragm) and heart

Step 5 Breathing muscles contract more actively - increases the rate and depth of breathing. The heart
beats faster.

Step 6 More CO, is taken to and exhaled from the lungs

Step 7 The CO, level in the blood returns to normal
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8.2.3 The regulation of water balance in the
internal environment (osmoregulation)

When the blood has less water than normal:
Step 1 Blood has less water than normal
Step 2 The hypothalamus is stimulated
Step 3 and sends impulses to the pituitary gland to secrete more ADH
Step 4 ADH travels in the blood to the kidneys
Step 5 ADH increases the permeability of the collecting ducts and the distal convoluted tubules of
the kidney
Step 6 More water is re-absorbed and passed to the surrounding blood vessels
Step 7 The water level in the blood returns to normal
When the blood has more water than normal:
Step 1 Blood has more water than normal
Step 2 The hypothalamus is stimulated
Step 3 and sends impulses to the pituitary gland to stop secreting ADH/to secrete less ADH
Step 4 No ADH/less ADH travels in the blood to the kidneys
Step 5 The collecting ducts and the distal convoluted tubules of the kidney become less permeable to water
Step 6 Less water is re-absorbed and passed to the surrounding blood vessels. More water is now lost
Step 7 The water level in the blood returns to normal

Pituitary secretes > Permeability of
more ADH ~| collecting ducts and
distal convoluted
A tubules increases
Water level More water reabsorbed
decreases into blood

A

Normal water levels in blood

\4
Less water reabsorbed
Water level into blood
Increases More water is lost
7y
Y Permeability of
Pltu_ itary stops | collecting ducts and
secreting ADH/Less "1 distal convoluted
ADH secreted tubules decreases

Figure 8.2 Negative feedback mechanism to regulate the water balance
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8.2.4 The regulation of salt balance in the internal

environment
When the salt level in the blood decreases:
Step 1 The salt level in the blood decreases
Step 2 Receptor cells in the afferent and efferent arterioles of the kidney detect the low salt level
Step 3 The adrenal gland is stimulated
Step 4 into secreting more aldosterone
Step 5 Aldosterone increases the re-absorption of sodium ions from the renal tubules in the kidney into the
surrounding blood vessels
Step 6 The salt level in the blood vessels increases
Step 7 and returns to normal
When the salt level in the blood increases:
Step 1 The salt level in the blood increases
Step 2 Receptor cells in the afferent and efferent arterioles of the kidney detect the high salt level
Step 3 The adrenal gland is stimulated
Step 4 to stop secreting aldosterone/to secrete less aldosterone
Step 5 This decreases the re-absorption of sodium ions from the renal tubules in the kidney into the
surrounding blood vessels
Step 6 The salt level in the blood vessels decreases
Step 7 and returns to normal

Adrenal gland = Re-absorption
secretes more o of sodium ions
aldosterone increases
A
\
Salt level decreases Salt level increases

A

Normal salt levels in blood

Y

Salt level increases Salt level decreases
A
v

Adrenal gland _ Reabsorption
stops secreting - of sodium ions

aldosterone/ decreases
less aldosterone

secreted

Figure 8.3 Negative feedback mechanism to regulate the salt balance
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8.3 The process of
temperature regulation

Temperature regulation is the control of body temperature to keep it as
close to 37°C as possible to enable the body to function normally.

Body temperature is regulated by the hypothalamus in the brain and the
blood vessels and sweat glands in the skin.

Figure 8.4 below shows how the body temperature is regulated by the
hypothalamus and the skin.

, ON A HOT DAY the hypothalamus is
 stimulated and sends impulses to the
.'. L blood vessels

More sweat qu

is released.

Evaporation

of the sweat Blood

cools the vessels dilate

skin. (become
wider). This

is called

vasodilation.

¢ More blood

Sweat floyvs to the
gland skin.
becomes * More heat
more is lost from
active. the skin.

* More blood
is sent to
the sweat
glands.

ON A COLD DAY the hypothalamus is
stimulated and sends impulses to the

blood vessels

Less sweat
is released.
There is less
evaporation
of sweat and
less cooling
of the skin.

Sweat
gland
becomes
less
active.

‘)

Blood vessels
constrict
(become
narrower).

This is called
vasoconstriction.

e Less blood
flows to the
skin.

e Less heatis
lost from the
skin.

e Less blood
is sent to the
sweat glands.

Figure 8.4 The homeostatic mechanism to regulate body temperature

a Activity 1
—v

Questions
1. Name the heat regulation centre in the brain. (1)
2. What happens to the blood vessels of the skin on a cold day? (1)

3. Describe how the state of the blood vessels mentioned in

question 2 decreases heat loss. (4)

4. What happens to blood vessels of the skin on a hot day? (1)
5. Describe how the state of the blood vessels mentioned in

question 4 increases heat loss. (4)

[11]

60 CHAPTER 8 HOMEOSTASIS IN HUMANS (PAPER 1)

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences



Answers to activity 1

1. Hypothalamusv
2. Blood vessels constricty//vasoconstriction
3. ¢ Less blood flows to the surface of the skin./
e Less heat is lost from the surface of the skin.v’
e Less blood flows to the sweat glands.v/
¢ Sweat glands release less sweat.v/
* Less evaporation of sweat.v//
e Less cooling of the skin on a cold day.v
4. Blood vessels dilates//vasodilation
5. « More blood flows to the surface of the skin.v/’
e More heat is lost from the surface of the skin.v/
e  More blood flows to the sweat glands.v
e Sweat glands release more sweat.v’
¢ Evaporation of sweat/
¢ cools the skin on a hot day.v’

(any 4)(4)

(any 4)(4)
[11]

Keep going!
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Phototropism:

Growth of a
plant stem
towards light

Stem

Geotropism:
Growth of

a plant root
downwards
into the soil in
response to
gravity

Root

Figure 9.1 A germinating
seedling

Responding to the
environment - plants

9.1 Growth and development
in plants

Growth and development in plants are controlled by hormones. Auxin is an
example of a hormone.

Tropism is the growth or turning movement of a plant or part of a plant in

response to an environmental stimulus.

¢ Phototropism is the growth of a plant in the direction of a light
source.

* Geotropism is the growth of a plant in response to gravity.

The growth movement of phototropism and geotropism is due to chemical
messengers (hormones) called auxins in a plant.

Q Activity 1
.

Questions
Complete the table:
Term Description
a) Chemical messenger in the plant
b) Growth of a plant stem towards light
Geotropism c)
Tropism d)
[4]
Answers to activity 1
a) Plant hormonev/
b) Phototropismy
¢) Growth of a plant root in response to gravity/
d) Growth movement of a part of a plant in response to an
environmental stimulusv’ [4]
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9.2 Role of auxins in phototropism

and geotropism

Role of auxins in phototropism

Role of auxins in geotropism

Produced at the tip of stem/shoot

Produced at the tip of roots

Auxins move downward evenly

Auxins move upwards evenly

This even distribution brings about equal growth on
all sides of the stem

This even distribution brings about equal growth on all
sides of the root

As a result the stem grows upward

As a result the root grows downward

When the stem is exposed to unilateral light (light
from one side only)

When the root is placed horizontally (only one side
exposed to gravity)

The auxin concentration will be high on the dark
side - light destroys auxins

The auxin concentration will be high on the lower side of
the root - gravity attracts auxins

More growth occurs on the dark side because
auxins stimulate growth on the dark side

More growth occurs on the upper side of the root
because auxins on the lower side inhibit growth

As a result the stem bends towards the light

As a result the root bends downwards

a Activity 2
—v

Questions

QUESTIONS 1 to 2 are based on Diagrams | and Il which illustrate the
response of the tip of a young shoot to a light stimulus.

S
light

Diagram | Diagram Il
Result

2

-
light

1. The arrow X represents the unequal distribution of ...

A abscisic acid.
B mineral salts.
C gibberellins.
D auxins.
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2. The curving of the shoot in Diagram Il is due to more rapid cell
growth in region(s) ...

A 1
B 2.
C 1l1and4.
D 3and4.

3. The diagram above represents ...
A. geotropism.
B. apical dominance.
C. phototropism.
D

gravity. 3x%x2
[6]
Answers to activity 2
1. D/V
2. B/V/
3. C// 3x2
[6]

9.3 Plant defence
mechanisms

Plants are eaten by herbivores and attacked by pathogenic organisms
such as viruses, bacteria and fungi, causing them to become diseased.
Plants protect themselves from these threats using chemicals and thorns.

a Activity 3

—y
1. Describe TWO methods used by plants as defence mechanisms  (4)

Answers to activity 3

1. Plants have thornsv” on their stems and leaves. They are
unable to escape from herbivores, and the thorns are used to
protect themselves. v/
The chemical secretion of plants is poisinous to some
organisms. v/
Sticky secretions given of by plants make it difficult for insects
and animals to eat the plant v/
(4]

Keep going!
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Human impact on
the environment

Organisms interact with other organisms and with the environment. When
we, as humans, interact with the environment to satisfy our needs, we may
have many negative impacts on the environment through our activities.
We may pollute the land, the water and the atmosphere. We also make
demands on the earth to ensure our food security. In doing all of this we
may impact negatively on the biodiversity of our planet.

11.1 The atmosphere and
climate change

Introduction

Climate refers to the long-term weather conditions of an area. The
atmosphere is made up of nitrogen, oxygen and other gases, which include
the greenhouse gases such as carbon dioxide and methane. Greenhouse
gases absorb infrared (long wave radiation) long wave radiation emitted
from the Earth and prevent it from escaping back into the atmosphere.
This is known as the ‘greenhouse effect’.

The greenhouse effect is important in keeping the Earth warm so that it
can sustain life. However, an increase in the concentration of greenhouse
gases leads to the ‘enhanced greenhouse effect’. As a result, there may
be a significant rise in the average temperature of the surface of the Earth
over a period of time. This is known as ‘global warming’.

Increased concentration of carbon dioxide in the

atmosphere is due mainly to:

* Burning of fossil fuels (for electricity, to power vehicles and for
industrial processes): Combustion of carbon-rich fuels such as coal
or plants (wood) releases carbon that was stored in them, as carbon
dioxide.

¢ Deforestation: Cutting down trees and removing vegetation from the
land decreases the amount of carbon dioxide taken up by plants
during photosynthesis. This increases the amount of carbon dioxide
available in the atmosphere.

Use
mobile notes to
help you learn the
answers to the key
concepts you don't
know.
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Increased concentration of the methane in the atmosphere
is due mainly to:

* The increased number of landfills: decaying organic matter in
waterlogged soils such as landfills releases methane.

* The increased number of livestock: ruminants such as cows release
methane gas through their digestive tracts.

e Mining of coal.

Increased temperatures may lead to:

* More evaporation of water which can lead to increased precipitation
which eventually increases the potential for flooding.

* Rising sea levels caused by melting ice in the glaciers which can
eventually increase the potential for flooding.

* Increased wildfires that increase the chances of soil erosion and
eventually desertification.

* Increased loss of biodiversity, as species are unable to cope with
rapidly rising temperatures, eventually leading to desertification.

* Increased droughts in some areas leading to desertification and food
insecurity.

Carbon footprint

This is a measure of the total amount of carbon dioxide emissions of an
individual, a defined population or a company per year.

Strategies to reduce the carbon footprint include the

following:

* Reuse and recycle: less fossil fuels burnt in the production of some
of the material.

* Drive less: by using public transport, walking, bicycles.

* Reduce the need for heating: insulating walls and building energy
efficient homes.

e Carbon offsetting: by using alternative energy (solar and wind) and
reforestation to act as a carbon reservoir.

* Technological developments: decrease the amount of energy
needed for production/decreasing the dependency on carbon
emitting fuels.

Destruction of the ozone layer

Ozone is a greenhouse gas that is found at low concentrations 15 - 50 km
above the Earth’s surface. It absorbs the ultraviolet rays from the sun. The
ultraviolet rays damage the DNA and cause skin cancer. Measurements in
certain areas have shown a significant decrease in the amount of ozone
layer. The damage to the ozone layer is caused mainly by chemicals called
CFCs (chlorofluorocarbons), released by refrigerators, aerosol sprays and
fast-food packaging.

If the measures to reduce the destruction of ozone layer fail:

* There will be a significant increase in the number of skin cancer
cases.

e Ultraviolet rays reaching the Earth’s surface may cause permanent
damage to our eyes.
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Q Activity 1
Sy

Questions

1. Figure 11.1 below shows the averages of carbon dioxide
concentration in the atmosphere since January 2009, as measured
at the Mauna Loa Observatory in Hawaii.

400

w
©
&)

w
(0]
o1

Carbon dioxide (CO,) concentration
in parts per million (ppm)
w
©
o

380 . . .
2009 2010 2011 2012 2013

Time (Years)

Figure 11.1: Average carbon dioxide concentration in the atmosphere since
January 2009, at Mauna in Hawaii

1.1 Describe how deforestation could lead to an increase in the

carbon dioxide concentration in the atmosphere. (2)
1.2 Mention ONE human activity that might have led to the increase

in carbon dioxide concentration as seen in the graph. (1)
1.3 What was the carbon dioxide concentration in the atmosphere

in July 20127 (2)
1.4 What is the dependent variable in this investigation? (1)
1.5 Explain how the excess carbon dioxide in the atmosphere

could lead to climate change. (4)
1.6 Mention ONE way in which humans can reduce the amount of

carbon dioxide released into the atmosphere. (1)

[11]

Answers to activity 1
1. 1.1 Cutting down of trees decreases the amount of carbon
dioxidev” taken up by the plants during photosynthesisv/” (2)
1.2 Burning of fossil fuelsv’ (1)
1.3 393,5/ ppmv/ (2)
1.4 Carbon dioxide concentration in ppmy/ (1)

© Department of Basic Education 2014
Mind the Gap CAPS Grade 12 Life Sciences CHAPTER 11 HUMAN IMPACT ON THE ENVIRONMENT (PAPER 1) 85



Answers to activity 1 (continued)

1.5« Carbon dioxide is a greenhouse gasv’
* which absorbs long wave radiation emitted from the
Earthv
e and prevents it from escaping back into the
atmosphere/'.
* Anincrease in the concentration of carbon dioxide leads
to an increase in the greenhouse effect/,
e which may result in global warmingy/. (any 4)
1.6 « Drive lessv///use public transport, walking, bicycle more
¢ Reduce the need for heating by insulating wallsv’
* Building energy efficient homesv
e Use alternative energy sourcesv” (solar and wind)
¢ Reforestation/'to act as carbon reservoir

¢ Reuse and recycle/ (any 1)
[11]
Q Activity 2
—v
Questions

1. Aninvestigation to measure the ozone concentration and the
chlorine levels has been done in Antarctica since 1950 and the
results are shown in the graph below:
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1.1 Give a caption for the graph. (2)
1.2 What is the relationship between the levels of chlorine and
the concentration of ozone? (2)
1.3 Name the dependent variable(s) in the investigation. (2)
1.4 In which 10-year period was the ozone depletion the
greatest? (1)
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1.5 In 1987 the Montreal Protocol was signed to lay down targets
to reduce the use of CFCs by countries. Give TWO reasons why,
despite a reduction in the use of CFCs, there was still a decline

in the ozone layer. (2)

1.6 Name ONE item that humans were using which contained
CFCs. (1)
1.7 Explain why the ozone layer is important for humans. (2)
[12]

Answers to activity 2

1. 1.1 Changes in the levels of chlorine and ozone concentrationy

from 1950 to 1990/ (2)
1.2 An increase in the level of chlorine /leads to a decrease in

the ozone concentrationv/ (2)
1.3 Chlorine levelsy

Ozone concentrationv/ (2)
1.4 Between 1970 and 1980v (1)

1.5 CFCs might persist for a long time in the atmosphere/
Other countries might have taken longer to implement the

protocolv/
Households were still using existing items with CFCsv/
(any)(2)
1.6 Aerosolsv
Refrigeratorsv’
Food packagings/ (any)(1)
1.7 The ozone layer provides protection against ultraviolet raysv/,
thus reducing the chances of getting skin cancerv/ (2)
[12]

11.2 Water quality and water
availability

It is estimated that as many as 2 billion people won't have sufficient
access to clean water by 2050. This figure is expected to rise to 3.2 billion
by 2080 — almost three times the number of people who now do without
water. There are many efforts directed towards making good quality water
available.

11.2.1 Availability of water

The availability of water may be influenced by the following factors:

Construction of Dams

* The construction of additional dams plays a major role in increasing
the quantity of water stored and made available for later use by
people and in agriculture.
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Destruction of wetlands
e Wetlands should not be destroyed because they influence both the
availability and quality of water.

Water wastage

* Alarge amount of water used for irrigation is lost due to poor farming
practices. Open drain irrigation leads to loss of water by evaporation.
The use of water for irrigation further up a river decreases the
availability of water for other users lower down the river.

* Availability is also affected by wastage of water through leaking taps
and toilets and faulty pipelines.

e Wastage of water can be reduced by reducing the pressure in the
pipes, by educating people to use water wisely and by maintaining all
plumbing in good condition.

Cost of water

* The cost of water is influenced by costs involved in increasing the
availability and quality of water.

* The cost per kKilolitre (kl) of water increases with the increased use of
water. This is meant to discourage over-use of water, thus allowing for
its sustained use.

* A certain amount of water is available free to all citizens to ensure
that water is available to the poorest.

Poor farming practices

¢ Contamination of water sources by fertilizers and pesticides has
decreased the amount of clean water available, thus increasing the
costs involved in purification.

e Over-grazing leads to soil erosion. On land that is eroded, water runs
off rapidly rather than soaking into the ground, and is thus wasted.

Droughts and floods

e During periods of drought, water availability decreases. Water used
from dams during the drought periods cannot be easily replaced.

* Natural vegetation can hold back water from floods. If the natural
vegetation is removed, flood waters are lost.

Boreholes and their effect on aquifers

e Boreholes have been used to increase water availability in areas that
do not have direct access to other sources of water.

* Constant use of boreholes eventually leads to the drying up of
aquifers (the source of borehole water) thus decreasing water
availability in the future.

Water recycling

¢ The availability of water can be increased if existing water is used
for more than one purpose. For example, some water used in the
household can be used for the garden. Sewage water can be treated
and used again.
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Exotic plantations and the depletion of the water table

* Some exotic plants use a large quantity of water from the ground.
As a result, this decreases the level of the water table, making less
water available to other vegetation in the area.

11.2.2 Quality of water

The quality of water may be influenced by the following factors:

Eutrophication and algal bloom

*  Water used for agriculture may contain pesticides, herbicides and
fertilizers which pollute the water in rivers, dams and lakes,
causing eutrophication. The added nutrients lead to an increase
in algal growth (algal bloom). These algae over-use and thus deplete
the oxygen in the water, thus reducing the potential for life in such
water.

Thermal pollution

* Thermal pollution refers to the heating of water caused by the use of
water for cooling in power-stations and industries.

* The quality of water is affected because heated water has a lower
oxygen content, making it difficult to support life.

Pollution of water through domestic, agricultural and

industrial use

* After water is used for domestic purposes it may contain detergents
(such as from washing) and pathogenic bacteria (such as in
sewage). This polluted water has to be treated before it can be used
again.

e After water is used for industrial purposes it may contain many heavy
metals, oil, heat and fertilizers. This adversely affects the quality of
the water and all life that depends on it.

* Fertilisers and pesticides may run off into rivers, ponds and dams
and pollute the water.

Mining

e Water returned to the environment from mines is generally acidic
and toxic. This water is hot and thus also contributes to thermal
pollution.

Alien Plants

¢ Alien invasive water plants block the waterways, reducing light to
other aquatic plants. These plants eventually die and decompose.
Bacteria that decompose these plants eventually deplete the oxygen
supply in the water.

Water purification
* The quality of water is improved through purification methods.
Undrinkable water can be made drinkable.
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Q Activity 3
S

Questions

1. A group of learners conducted an investigation to determine
the average amount of water used by a household for different
purposes. They collected data on water-use from 5 families in their
neighbourhood. The results are shown below.

Purpose for which water is used Average amount of water used (%)
Toilet flushing 30
Baths and showers 25
Gardening 15
Washing clothes and dishes 20
Cooking and drinking water 10

1.1 Identify the:

a) Dependent variable (1)
b) Independent variable (1)
1.2 State TWO ways in which the reliability of the results can be
improved. (2)
1.3 Draw a pie-chart to represent the data in the table. Show all
calculations. (7)
1.4 Describe ONE advantage of making the results of the survey
available to the various households that participated. (2)
[13]

Answers to activity 3

1.1 a) Average amount of water usedv’ (1)
b) Purpose for which water is usedv’ (1)

1.2 « Repeat the investigations/

e Select the households randomlyy
* Increase the number of households involved in the
investigationv/’ (any 2)
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Answers to activity 3 (continued)

1.3 Calculations for proportions of slices in the pie-chart

Purpose for which water Working Proportion
was used (degrees)
Toilet flushing 30 4 360 108
100
Baths and showers 25 360 90
100
- 15
Gardening 100 * 360 54
Washing clothes and dishes % x 360 72
. — 10
Cooking and drinking water 100 > 360 36

Average amount of water used by a
household for different purposes

Cooking and
drinking water
10%

Toilet
flushing
30%

and dishes
20%

Bath and
showers
25%

Gardening
15%

1.4 Owners can identify the areas of greatest water usev” to
allow them to then develop strategies to reduce water use

in that areav/ (2)
[13]
Q Activity 4
—v
Questions
1. Describe how alien plants may reduce both the availability and
quality of water. (4)
2. Describe how poor farming practices may reduce both the availability
and quality of water. (4)
[8]
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Answers to activity 4

1. « Alieninvasive plants may use water excessivelys/” and thus
reduce the amount of water available for the natural
vegetations/ of an area (2)

* Alien invasive water plants block the waterways, reducing
light to other aquatic plantsv. These plants eventually die
and decompose. Bacteria that decompose these plants
eventually deplete the oxygen supply in the water/. (any) (2)

2. « Over-grazing leads to soil erosion/. On land that is eroded,
water runs off rapidly rather than soaking into the groundv/,
and is thus wasted. (2)

* The use of fertilizers and pesticides may pollute nearby
dams, ponds and riversy” thus reducing the quality of

water availablev’ (2)
[8]
Q Activity 5
e
Questions

1. Read the article below entitled ‘Durban to Recycle Sewage water into
Drinking Water’.

Durban to Recycle Sewage water into Drinking Water

Durban plans to become the first SA city to purify and recycle sewage
water into drinking-quality tap water. The city is also carrying out a
feasibility study on purifying seawater.

Water is going astray in Durban because of leaks and theft. The city
recently spent millions of rand replacing large sections of old, leaky
pipes and reduced pressure levels in several areas to curb leaking.
Although a large new dam, Spring Grove, was being built near Mooi
River, this would not relieve the water supply risk to an acceptable
level in the short term.

Windhoek had been partially reliant on recycled sewage-to-tap water
since 1968. ‘Crucial to this public acceptance is Windhoek’s 42 -year
record of no waterborne disease outbreaks and no negative health
effects attributable to drinking reclaimed water.

According to eThekwini’s water department, there would be at least
three safety barriers to ensure the quality of treated effluent. The
semi-treated clear water would be pumped at high pressure through
ultra-filtration membranes that removed suspended and dissolved
solids, and bacteria. This water would then be filtered through tiny
pores. The final stage involved ultra-violet light disinfection.

As a further safeguard, all purified effluents from the two new
Durban plants would be stored for at least 12 hours after treatment
so that final samples could be taken for testing before the water was
released into tap supplies.

The Mercury - 15 March 2012
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1.1 List FIVE different strategies referred to in the article intended

to increase the availability of clean drinking water. (5)
1.2 Describe THREE arguments used in the article to convince the
reader about the safety of recycled sewage water. (6)
1.3 List THREE processes that will be used to ensure that the
recycled sewage water will be fit for human consumption. (3)
[14]

Answers to activity 5

1.1« Recycling sewage waterv/
e Purifying sea waterv
¢ Replacing old, leaky pipesv
* Reducing water pressurev/

¢ Building new damsv’ (5)
1.2 « No outbreak of water-borne diseasesv” in Windhoek for
42 yearsy

e 3 safety barriersv/ to ensure the qualitys/” of treated effluent
e Stored for at least 12 hoursv” allowing sufficient time for
repeated testing/ (6)
1.3 « Pumped at high pressure through ultra-filtration membranesy
to remove suspended and dissolved solids and bacteria
¢ Filtration through tiny poresv/
e Ultra-violet disinfectionv/ (3)
[14]

11.3 Food security

Food security refers to the access, by all people at all times, to adequate,
safe and nutritious food for a healthy and productive life. Food security
may be influenced by the following factors:

Exponential growth of the human population

* The world’s population is growing at an exponential rate (very rapidly)
and as a result some countries cannot produce enough food to
feed their growing population. Food production needs to increase
as rapidly as the world population; otherwise many countries will
experience food insecurity.

Droughts and floods

* Climate change has led to more frequent and severe droughts and
floods. Droughts result in crop losses and livestock death which
reduce the food available in an area. Floods cause extensive damage
in a short period of time and decrease the amount of farmland
available to grow crops. People also usually lose their homes,
possessions and economic security during floods, further impacting
on food security.
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Poor farming practices - monoculture, pest control, loss of

topsoil and the need for fertilizers

* Monoculture is the growing of one type of crop over large areas
of land year after year. Monoculture depletes nutrients and water
supplies and therefore impacts negatively on the quality of the
topsoil.

¢ Pest control involves the use of pesticides (chemicals) to kill pests
that compete with humans for food. Pesticides may kill or get into the
tissues of healthy plants. This may reduce crop production and, since
pesticides are expensive, increase the cost of food and thus reduce
access to poor consumers. Many farmers now use biological control,
which uses a natural predator/parasite to get rid of the pest instead
of using expensive pesticides.

* Topsoil is the top 1.5 metres of soil that contain the nutrients that
plants require for growth. The tilling of the soil between plantings and
heavy rainfall cause much of the topsoil to be lost, leading to the loss
of valuable nutrients over time, reducing crop yields.

e The use of fertilizers, both inorganic (chemical) and organic
(compost and manure) can increase the nutrients in the soil and
keep soil fertile. This replaces nutrients in the soil that are lost when
crop plants absorb them. Fertilizers can be expensive, contributing to
the high cost of food, thus reducing access to poor consumers.

Alien plants and reduction of agricultural land

* Alien plants deplete the topsoil of water and nutrients. These alien
plants out-compete indigenous plants because they have no natural
predators, grow rapidly and invade land that could be used to grow
crops.

The loss of wild varieties and the impact on gene pools

¢ Crop plants have replaced wild varieties. The preservation of wild
varieties is important because, if changing environmental conditions
destroy the present crop plants, then wild varieties could be used
as alternative sources of food. If wild varieties are wiped out, it will
reduce the genetic diversity and thus the gene pool.

Genetically engineered food

* Genetically engineered food is produced from genetically modified
organisms (GMOs). Genetic engineering involves the inserting of a
gene (with a desired characteristic) from one organism into another
organism to increase the yield. For example, a gene for drought
resistance could be inserted into a crop plant that grows in areas
where water is scarce.

Food wastage

e Wastage could occur during the storage, production and processing
of food. Wastage includes food thrown away and food not eaten.
Wastage increases the prices of food to consumers and could reduce
food security in a country.
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Q Activity 6
—v

Questions
1. Study the table below and answer the questions that follow.

Country/Region Total | Developed/ Food loss and waste per
(kg) | Developing person per year
Regions
At the By
production consumers
and retail (kg)
stages(kg)
Europe 280 | Developed 190 90
North America and 295 | Developed 185 110
Oceania
Industrialized Asia 240 | Developed 160 80
Sub-Saharan Africa | 160 | Developing 155 5
North Africa, West 215 | Developing 180 35
and Central Asia
South and 125 | Developing 110 15
Southeast Asia
Latin America 225 | Developing 200 25

Adapted from CUP Biology: Jones and Jones, 2010

1.1 For Sub-Saharan Africa, calculate the food wastage by

consumers as a percentage of the total food waste. (3)
1.2 Suggest a reason for this low percentage calculated in

QUESTION 1.1 above. (2)
1.3 Explain the differences in the pattern of food wastage in

developed and developing regions. (4)
1.4 State TWO possible ways of preventing the high levels of food

waste that are found in the developed countries. (2)

[11]

The following questions relate to the factors that threaten food
security in a country.
2.1 Give ONE reason why there has been an increase in the

demand for food over the years. (1)
2.2 State one way in which the use of each of the following helps

to increase food productivity:

a) Pesticides (1)
b) Fertilizers (1)

2.3 Describe how the use of pesticides could destroy food
chains. (2)

2.4 Explain why GMOs may be considered a threat to food
security. (3)
[8]
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Answers to activity 6
1. 1.1 Food Wastage in Sub-Saharan Africa
5/160v x 100V = 3.1%v (3)
1.2 Access to food is scarce and the food that is available is
either provided by international aid agencies or subsistence
farming/. Very little food is bought and even less is bought
from supermarkets.v” There is no food left over to waste.v/
(any 2)
1.3 In developed regions: buy food from markets, shops and
supermarkets, often in excess of their requirements and

will throw unused food away.v” The markets, shops and

supermarkets will also throw away unsold food.v

In developing regions: people will depend more on small, local

sources of food,v” have less food security and will not have

food in excess of their needs.v (4)

1.4 Possible ways to reduce food waste include:

* Prevention - prevent consumers from throwing away food
or stop them from producing/buying more food than they
needv’

* Plan what you need before you shop and reduce impulse
and spontaneous buyingy/

e Understand how to store and preserve foodv’

e Ensure that unused food is used in some way - e.g. give
to the poor, animal feed, compost heaps.v

e Education/ (any 2)

[11]

2. 2.1 There has been a rapid increase in the human populationv' (1)
2.2 a) Pesticides kill the pests which destroy the cropsv/ (1)
b) Fertilizers increase nutrient content in the soilv/ (1)
2.3 Secondary consumers e.g. birds can eat the pests with the
poisony/, which can kill the birdsv” thereby decreasing the
population size of birdsv’
OR
The pest can become extincty//, and the population size of
the secondary consumer feeding on the pest will also
decreasev/ (any 1 x 2) (2)

2.4 . Loss of flora and fauna biodiversity by inbreeding of
GMOsv
e Entire species could be wiped outv if exposed to
diseasesv’ (no variation in the population)/GMOs will
have no resistance to the diseases (3)
(8]
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11.4 Loss of biodiversity

Biodiversity refers to the variety of plant and animal species on Earth.
Biodiversity ensures that we have food, fresh water, medicines and fuel
that we obtain from our environment. It also ensures that the climate is
regulated, floods are controlled (wetlands), diseases are kept in check
(predators eat the sick animals) and water is purified (filtering by wetlands).
Biodiversity ensures that seeds are dispersed, nutrients are cycled (e.g.
nitrogen and phosphorus) and oxygen and soil continue to form. It also
helps improve our quality of life by providing us with forms of recreation
and ecotourism. As biodiversity declines, these things do not occur as they
should and the survival of humans becomes threatened.

11.4.1 Factors that reduce our
biodiversity

Habitat destruction through:

Farming methods

Monoculture: Monoculture is the growing of one type of crop over large
areas of land year after year. Monoculture replaces indigenous plants and
reduces biodiversity. Insects that specialise in feeding on one type of crop
spread rapidly because there are no natural enemies or barriers to stop
them. This means the farmer needs to use more pesticides to kill them.
Intensive use of agrochemicals such as fertilisers and pesticides often end
up in rivers, streams and groundwater, poisoning species in the area and
causing eutrophication. This results in a large loss of biodiversity.

Overgrazing: It occurs when livestock such as sheep or cattle are kept in
an area for too long; the vegetation is grazed to a point where it will not
grow back. It causes soil erosion by removing the plants that bind the soil
together with their roots. Topsoil is lost during rainstorms. This can lead to
the extensive destruction of land through desertification which results in
loss of biodiversity. Sometimes overgrazed land becomes subject to alien
plant invaders which destroy habitats by taking over the land.

Golf Estates

Developments such as golf estates are a form of monoculture that requires
large amounts of water, pesticides and fertilisers which may runoff and
poison aquatic ecosystems. Housing associated with golf developments
replaces large areas of natural vegetation.

Mining

Mining alters the environment and can negatively affect the biodiversity
in an area. Pollutants in the form of dust and smoke may be released
into the air while vegetation is removed and replaced with rock and waste
dumps. Underground water may be poisoned because of sulphates and
heavy metals released into them.

Urbanisation
The growth of large cities (urbanisation) also negatively impacts on
biodiversity. Surfaces are covered with concrete, and natural habitats are
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destroyed to build houses and businesses. Habitat fragmentation causes
the loss of biodiversity, as natural plants are replaced by exotic trees and
plants.

Deforestation

Deforestation is the permanent destruction of indigenous forest and
woodland areas. Deforestation is caused by human activities such as
agriculture, logging, and using trees as firewood. Deforestation leads to
the destruction of the habitats of other organisms, like frogs and insects,
and this leads to the loss of biodiversity.

Loss of wetlands and grasslands

Grasslands and wetlands have unique plant and wildlife and provide many
ecological services to humans. Destruction of these habitats will lead to
the loss of species.

Poaching

Poaching refers to the illegal hunting of animals, either for food or because
certain body parts can be sold for money. ‘Poaching’ may also be applied
to plants that are removed and sold for profit e.g. medicinal plants. Some
wild animals are hunted for food (‘bush meat’) and are on the verge of
extinction. Elephants are poached for their tusks to make carvings and
jewellery and rhinos are hunted for their horns which are used in the Far
East for medicinal reasons.

Alien plant invasions

These plants are species that have been introduced into an area and
which compete with the natural plants in the area. They can outcompete
indigenous plants, thus reducing the biodiversity.

11.4.2 Ways in which our biodiversity
can be maintained

Control of alien plant invasions

Alien invasive species may be controlled by mechanical, chemical and
biological methods. Mechanical methods involve chopping down plants or
physically removing them by hand and is very time consuming. Chemical
control involves spraying herbicides onto the plants; this can pollute the
environment and is expensive. Biological methods involve introducing
a natural enemy from the alien plant’s environment and allowing it to
reproduce and feed on the invasive plant.

Sustainable use of the environment

Sustainable use of the environment means using resources without
harming the ability of future generations to use that resource. Substances
from indigenous plants such as the African potato, Hoodia, rooibos and
Devil’s claw all have economic and medicinal value. These indigenous
plants can be used sustainably by encouraging traditional healers to grow
their own plants and through improving education of the women who
generally gather the plants in the wild. Encouraging traditional healers to
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be part of formal medical programmes would encourage training to be on-
going and help establish sustainable use of medicinal plants. Legislation
should be passed to limit the numbers of plants that can be harvested at
one time and seeds of medicinal plants could be collected and distributed

to increase plant numbers.

Q Activity 7
—

Questions

1. Study the following table showing a summary of the rhino poaching
incidents in South Africa from 2006 - 2010.

Province © ~ 0 o0 =) =
o o o o o 8
<] =] o o o o
S ] 3 1 1] -
Kruger National Park (partof | 17 10 36 50 109 | 222
Limpopo)
Gauteng 0 0 0 7 15 22
Limpopo 0 0 23 16 37 76
Mpumalanga 2 3 2 6 12 25
North West 0 0 7 10 44 61
Eastern Cape 0 0 1 3 2 6
Free State 0 0 0 2 3 5
KwaZulu-Natal 5 0 14 28 23 70
Northern Cape 0 0 0 0 2 2
Total lllegally hunted 24 13 83 122 | 247 | 489
1.1 How many rhinos were illegally hunted in 2009? (1)
1.2 Suggest THREE ways in which the poaching of rhinos can be
stopped. (3)
1.3 Describe the general trend observed in the table. (2)

1.4 By what percentage did the poaching of rhino incidents
increase in North West from 2008 to 20107 Show all working. (3)
1.5 Use the data in the table and draw a bar graph to show the
number of rhinos poached each year from 2006 to 2010 in

South Africa.

(7)
[16]

Read the following passage on Rooibos (Aspalanthus linearis) and
answer the questions that follow.

The Rooibos plant is used to wmake herbal tea. South Africa is
the only commercial grower of Rooibos plants in the world.
Rooibos tea is a caffeine-free beverage with health and medicinal
benefits. Some of the benefits of drinking Rooibos tea are: it has
a calming effect, it helps with digestion problems and it helps with
infant colic.
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2.1 Describe TWO ways in which over-exploitation of plants, such
as Rooibos, impacts on other life forms and the environment. (2)

2.2 Describe THREE strategies that could be used to prevent the
over-exploitation of plants such as Rooibos. (3)
[5]

Answers to activity 7
1. 11122/ (1)
1.2 « Rhino horns must be sawn off v/
* Implant a ‘Pro Tag Device’ to monitor movement of the

rhino v/
* Institute heavy penalties like imprisonment instead of
fines v/ (3)
1.3 Rhino poaching v has increased v from 2008 to 2010 (2)
1.4 % /% &10 / =628,53% / (3)
1.5
Rhino poaching incidents in South Africa from 2006 - 2010
300 A
a
c
% 250 A
2
a0 200 -
<
<
(&)
S 150
o
o
£ 100 4
<
o
© 50 -
]
o
E o [ —
=z 2006 2007 2008 2009 2010

Time (Years)

(7)
[16]

2.1 « Plants can become extinct //leads to loss of biodiversity

e Food chains/webs can be destroyed v/

e Could lead to degradation of the environment v/

* Erosion of ground surface if too many plants are
removed v/

* Increase run-off of water v/

e Alien plant invasion v'in the habitats from which the
plants are removed

* Upset the balance of oxygen and carbon dioxide v/global
warming if too many plants are removed (any 2)
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Answers to activity 7 (continued)
2.2 « Sustainable harvesting v/

* Impose quotas v/limit numbers

e Limit area v'where plants are harvested

e Limit size of plants harvested v/

e Limit time/seasons of collection v/

e Research done to look at reproductive cycle v//alternative
source of active ingredient/cloning

* Legislation to control harvesting v/

e Permits to control harvesting v/

e Monitoring of harvest v/

* Penalties /for breaking legislation

e Education v//campaign on the impact and consequences
of over-exploitation

e Establish nurseries v/seed banks - to replace plants

harvested
e Establish more nature reserves v to conserve indigenous
plants (any 3)

()

11.5 Solid-waste disposal

Solid waste is any solid material that is of no use to humans and which
needs to be disposed of in a safe and environmentally friendly way.

Managing dumpsites for rehabilitation and prevention of
soil and water pollution

The simplest and most cost effective way of disposing of solid waste is to
bury it in landfill sites. A landfill site is a hole where solid waste is dumped
and then covered by soil. However, this way of disposing of solid waste
contributes to soil and groundwater pollution because rain seeps through
the waste to produce a toxic substance called leachate. To prevent the
toxic leachate from reaching the groundwater, a plastic liner is placed
under the dumpsite area.

Rehabilitation of landfill sites occurs before they are closed down.
This involves the covering of the old landfill site with clay soil, which is
impermeable to water, and then it is covered with topsoil. Grass or other
vegetation is then planted on the old landfill site. The growth of the plants
stabilises the area and the old landfill site may be used as a recreational
area such as a park or a golf course.

The need for recycling

Various methods may be used to manage solid waste, they include the

reduction of waste, re-using waste and recycling of waste.

* Re-using waste products includes re-using plastic shopping bags,
re-using glass and plastic containers - this helps to reduce the waste
produced.

* Recycling is a process whereby used materials/waste products are
recycled to make new products, for example plastic, glass, tin and
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paper. The advantage of recycling is that it provides employment,
reduces the use of raw materials and energy, and reduces air, ground
and water pollution.

Using methane from dumpsites for domestic use: heating
and lighting

Methane is a gas produced as a result of the decomposition of organic
waste. The methane gas can be used as a fuel. Methane can be collected
from landfill sites and used to generate electricity for domestic use - heat
for cooking and electricity for lighting.

Safe disposal of nuclear waste

South Africa also uses radioactive material such as uranium to power its
nuclear power station at Koeberg in the Western Cape. Unfortunately, a
by-product of using uranium is nuclear waste that is still radioactive and
therefore dangerous to living organisms. The nuclear waste is stored in
thick steel drums and buried in trenches at special protected sites.

a Activity 8
—v

Questions

1. State FOUR strategies you would use to manage solid waste if you
were appointed as the head of the waste disposal division of your
town. (4)

2. The following table shows the total amount of solid waste and the
amount of recyclable material dumped in a South African city landfill
site over a number of years.

YEAR TOTAL AMOUNT OF SOLID AMOUNT OF RECYCLABLE
WASTE MATERIAL IN SOLID WASTE
(MILLIONS OF TONS) (MILLIONS OF TONS)
2003 1,49 0,78
2004 1,59 0,82
2005 1,80 1,20
2006 1,93 1,30

2.1 Describe the general trend in the total amount of waste
produced and the amount of recyclable materials dumped
from 2003 to 2006. (2)

2.2 Explain TWO advantages of recycling. (4)
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3. The graph below shows the percentages of various types of waste
found on the grounds of a school.

60

50

40 -

30 -~

20 -

10 ~

Amount of waste (%)

Paper Plastic Organic Aluminium

matter cans
Type of waste

3.1 Draw a table to illustrate the percentages of waste shown in
the graph above. (D)
3.2 The school wants to manage the large amount of waste
generated on a daily basis. They decide to recycle the waste.

3.2.1 Define ‘recycling’. (2)
3.2.2 Give TWO reasons why the recycling of waste is

advantageous. (2)

[19]

Answers to activity 8

1. . Investigate methods to collect and utilise methane gas as
a fuel v
* Encourage citizens of the city to sort their waste v into
different waste containers
e Partner with recycling companies for improved collection of
different wastes v/
e Institute fines v for people that do not separate the waste
into different bins
¢ Educate people to use organic waste v for example to make
compost
* Encourage recycling v/ of items such as papers, tins, glass
* Encourage citizens to reuse v items such as glass
e Penalties/charge people extra if they generate more waste v/
(any 4)
2. 2.1 Both / the total amount of waste produced and the
amount of recyclable material increased v from 2003 to
2006 (2)
2.2 « People collect and sell waste at buy-back centres v/
and therefore benefit economically v/create own jobs
* People who collect waste and take it to recycling depotsv
contribute to sustainable use of materials v/
* Recycling saves energy v and therefore reduces the
amount of energy used to make new products v (any 2 x 2)
(4]

Glass
bottles
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3.

3.2

Answers to activity 8 (continued)

3.1 Percentages/amount of each type of waste on the school

grounds
Type of waste Percentages (%)
Paper 40
Plastic 30
Organic matter 5
Aluminium cans 15
Glass bottles 10

3.2.1 The process by which waste materialsv” are treated
in such a way that they can be used again//

reused

3.2.2 « To avoid over-exploitation of the limited natural

resourcesy”

e To save/raise money/ /(create jobs)
* To reduce the amount of waste material///cleaner

environment

e Less energys/used/Reduce carbon footprint
* Fewer landfill sitesv’ (any 2) (2)

(2)

[19]

Keep going!
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