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Variation

Variation
There are millions of different plants and animals in  
the world. All living things, including humans, are 
highly organised in their structure and life processes; 
all life forms on Earth are related. Complex life forms 
have evolved, over many millions of years, from 
simpler life forms. Evolution involves changes in a 
species over a very long time as a result of genetic 
variation.

Variation describes the differences between 
individuals – their diversity. Those individuals 
with structures, life processes and behaviours 
best suited to their environment usually survive 
long enough to reproduce – and can pass on the 
genetic information that gives rise to their ‘useful’ 
characteristics.

Species
A species is a group of individuals that can breed together to produce fertile offspring.

Example: Two different species

The common blackbird (Turdus merula) and the song thrush (Turdus philomelos) belong to different 
species (the species ‘merula’ and ‘philomelos’). They live slightly different lifestyles, have different 
adaptations and do not interbreed.

Blackbird and thrush – different species

Two types of variation between living things are:
• variation between species
• variation between members of the same species.

Variation between members of the same species can lead to evolutionary change when there is a change in an 
environmental factor that affects the members of that species. This is because it is only members of the same 
species that can breed with each other and pass on their genetic material to the next generation.

Complex life form – 
human Homo sapiens

Simple life form – 
sponge, Porifera
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Variation within species
Types of variation
A population is a group of organisms of one species, living in a particular area – e.g. all brown kiwi living in 
the Ruahine Ranges. For almost any characteristic, there are differences between the individuals in a population. 
Many characteristics can be affected by the environment – e.g. a calf from a large bull and a large cow will 
not itself be large if it is starved while growing. Variation can be continuous variation or discontinuous 
variation.

Continuous variation
Characteristics showing continuous variation usually have a broad range, with many intermediate values 
between the extremes. When a large number of individuals is sampled, most of the values are close to the mean, 
and extreme values are rare.

Example: Continuous variation

Measurements of the beak length of female kiwi 
from a North Island population found the mean 
length of the beak was 127 mm with a range of 
109 mm to 145 mm.

average beaks

long beaksshort beaks

Number of 
female kiwi

Female kiwi beak lengths

Beak length (mm)
145127109

Continuously variable characteristics are usually the result of a combination of many genetic factors and 
environmental influences.

Characteristics that are the result of a combination of many genetic factors are difficult to isolate in terms of 
being passed from one generation to the next. However, if the genetic factors are important to people who want 
to carry out breeding programmes, then plants or animals from one extreme end of the range are chosen and 
selectively bred.

Examples of continuous variation in humans include height, weight, finger and toe length, and skin colour.
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Discontinuous variation
In discontinuous variation, a characteristic occurs in a 
population in two or more distinct forms – e.g. humans 
belong to just one of four blood groups. There is an all-
or-nothing effect, with no in-betweens. Discontinuous 
variation is usually the result of genetic factors and traits can 
continue from one generation to the next. Other examples 
of discontinuous variation in humans include eye colour and 
the ability to roll the tongue. The environment has little or no 
effect on this type of variation. Tongue rolling in/ability

Example: Discontinuous variation

In one species of garden pea plant the seeds can look round or they can 
look wrinkled. Wrinkled seeds lack an enzyme present in round seeds. 
There are no intermediate forms.

Round pea seeds

Round Wrinkled

Number 
of plants

0

20

40

60

80

Numbers of pea plants with round or 
wrinkled seeds in a natural population

Non-inheritable variations
Many variations between individuals have come about simply because of some effect of the environment and will 
not be passed on to the next generation.

Example: Non-inheritable variation

Plants growing in soil where there is:
• little or no potassium often have brown or 

black leaf tips
• little or no phosphorus often have a blue/

green colour.

These are non-inheritable variations – if seeds 
from the plants are grown in soils containing 
sufficient phosphorus and potassium, the leaves 
are the normal green colour.

Phosphorus-deprived leaves
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Variation
1. Complete the following paragraph by putting words from the word list in the spaces.

behaviours  environment  genetic  individuals  structures  variation

 Variation describes differences between a.  ; b.  contributes to the 

survival of individuals. Those individuals with c. , life processes and d.  

best suited to their e.  can survive to reproduce – and possibly pass on the  

f.  information that gives rise to the ‘useful’ characteristics.
2. Use each of the following terms in a complete sentence to explain the term’s meaning, and if possible give 

an example for each.

 a. Evolution

 b. Species

 c. Population

 d. Variation

3. Explain why variation between individuals can lead to evolutionary change when there is a change in an 
environmental factor only if the individuals are members of the same species.

4. a. Explain the difference between continuous and discontinuous variation.

b. Explain why characteristics are not necessarily passed from one generation to the next in nature.

Answers
p.  73
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5. Complete the table for each of the following characteristics of domestic dogs. The first has been done as an 
example.

Characteristic
Continuous or 
discontinuous?

Determined by genes, 
environment or both?

Fur length Continuous Both

Ear shape for breed

Leg-muscle strength

Microchip under skin

6. The number of tillers (‘leaves’) in a certain species of grass is an example of continuous variation.
a. Draw a sketch graph on the following axes to show the distribution of tiller number in a large population 

of the grass plants. Label the axes and give the graph a title.

b. Why do only a small number of the grass plants have either very few or very many tillers?

7. The colour of maize plant seeds is an example of discontinuous variation. There are three times more purple 
seeds than yellow seeds produced by a particular, large, natural population of maize plants.

 Draw a sketch graph on the following axes to show the distribution of purple and yellow seeds in that 
population of maize. Label the axes and give the graph a title.
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8. a. List three examples of continuous variation in humans.

 b. Give two examples of discontinuous variation in humans.

9. Explain the difference between an ‘inheritable’ and a ‘non-inheritable’ variation, giving an example of each.

10. Suggest why studying identical twins who have been brought up apart is useful in working out how 
much of a characteristic is inherited (genetic) and how much of the characteristic has been affected by the 
environment.
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Dna

DNA structure and function
Chromosomes contain long thin strands of DNA (deoxyribonucleic acid), which has the same basic structure in 
all living things, from a moss plant to an elephant. The structure of DNA is related to its two functions, which are:
• to control cell activities
• to pass genetic information from generation to generation.

A human chromosome that has replicated and is ready to divide

Structure
Scientists discovered that a DNA molecule is like a twisted spiral (a ‘double helix’).

cell nucleus

chromosome

gene

DNA

When untwisted, the DNA molecule resembles a ladder. The ‘sides’ of the ladder are made up of many thousands 
of sugar and phosphate groups. The ‘rungs’ of the ladders are pairs of bases. There are four different bases in 
DNA, starting with the letters:

A (adenine), G (guanine), C (cytosine) and T (thymine).

The sequence (order) of all the bases in a DNA molecule is the genetic code.
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The base-pairing rule is that A always pairs with T  
and C always pairs with G, as shown in the diagram 
alongside.

Because bases always pair up in this way, DNA can 
make an identical copy of itself when it replicates 
before a cell divides.

Function
The order of the bases along the DNA molecule tells 
the cell what substances to make so the cell can live, 
grow, and divide. Genes carry the codes for making 
proteins. Proteins can be enzymes (which control the 
cell’s activities), or proteins can form structures (such 
as flowers, skin, bones and hair). Thus, proteins 
determine the features of all organisms.

DNA is two chains of bases,
paired; bases are in order 
along the DNA according 
to the code being carried.

Twisted spiral.

Coiled up as a chromosome. Stained
bands show where particular genes
are located – there are many genes
in each band.

A T

A T

A T

C G

C G

CG

CG

T A

T A

A T

Part of a DNA helix untwisted − base pairs joined by 
bonds; ‘sides’ are sugar and phosphate groups

A T

C G

C G

T A

A T

Around 3 billion base pairs make up the DNA in one human 
cell. Humans have about 30 000 genes in each cell. Only a 
small proportion of the genes are active in each cell.
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DNA structure and function
1. State the two functions of DNA.

2. From a single fertilised egg, an organism (e.g. an earthworm) grows to have about a trillion cells.
 a. Describe where the fertilised egg gets the information from to eventually produce an adult earthworm.

 b. Explain how and where the information is stored in the fertilised egg.

3. Use the following words to find the correct term for each phrase.
base-pairing rule bases chromosome DNA gene guanine inheritance thymine

 a. A always pairs with T, and C always pairs with G:

 b. Molecules that form the ‘rungs’ of the DNA ‘ladder’:

 c. The base that always pairs with cytosine:

 d. The initial for this base is ‘T’:

 e. Made of tightly coiled DNA, carrying thousands of genes:

 f. Characteristics being passed from one generation to the next:

 g. Carry the code for making proteins:

 h. Long, twisted molecule, carrying the genetic code:
4. Explain why DNA must replicate before a cell divides.

5. Beside the diagram of part of a DNA molecule, write the letters and the names of the missing bases.

a.a.

b.b.

c.c.

d.d.

a.

b.

c.

d.

Answers
p.  75
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6. The diagram shows just the bases in a small part of a DNA  
molecule.

 a.  The sequence of bases was repeated in a larger section of  
DNA and it was found that A (adenine) occurred 200 times.

   How many times would T (thymine), C (cytosine), and  
G (guanine) occur?

  T:   C:   G: 
 b. Explain how you worked out the answer to a.

7. Describe briefly the relationship between genes and characteristics, e.g. eye colour, leaf shape.

8. Plant nurseries propagate plants by dividing one parent plant into many small plants and growing the small 
plants on. Describe one advantage of using this asexual method of reproduction. Use the terms DNA and 
identical in your answer.

9. The nucleus of the body cell of a goat contains 60 chromosomes, arranged  
as 30 homologous pairs. Each chromosome carries thousands of genes.

 a. Explain how the term ‘chromosome’ relates to ‘DNA’ and to ‘genes’.

 b. Describe how the DNA in a homologous pair of chromosomes is similar in each chromosome.

 c. Describe how the DNA in a homologous pair of chromosomes might be different in each chromosome.

10. Explain briefly what might be the result if the order of DNA bases was changed, for example by X-rays, in:
 a. a body cell, such as a skin cell

 b. a sex organ cell, such as an ovary or testis cell.

C

G

C

GC

G

C

GT

A

A

T
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Variation (page 4)
1. a. individuals     b. variation

 c. structures or behaviours  d. behaviours or structures

 e. environment    f. genetic

2. a.  Evolution involves changes in a species over a very long time as a 
result of genetic variation.

 b.  A species is a group of individuals that can breed together to 
produce fertile offspring, e.g. the common blackbird (Turdus 
merula).

 c.  A population is a group of organisms of one species, living in 
a particular area, e.g. all the brown kiwi living in the Ruahine 
Ranges.

 d.  Variation describes differences between individuals, e.g. 
individuals might have differences in eye colour, muscle strength, 
leg length and so on.

3. Variation between members of the same species can lead to 
evolutionary change because members of the same species can 
breed with each other and pass on their genetic material to the next 
generation; individuals from different species do not interbreed.

4. a.  Characteristics showing continuous variation have many 
intermediate values between the extremes; in discontinuous 
variation, a characteristic is found in a population in two or more 
distinct and separate forms, with no in-betweens.

 b.  Continuously variable characteristics are usually the result 
of a combination of many genetic factors and environmental 
influences. Environmental influences are not passed from one 
generation to the next in nature.

5.

Characteristic
Continuous or 
discontinuous?

Determined by 
genes, environment 

or both?

Fur length Continuous Both

Ear shape for breed Discontinuous Genes

Leg-muscle strength Continuous Both

Microchip under 
skin

Discontinuous Environment

6. a.

Number 
of plants

Number of ‘leaves’

Average number of ‘leaves’

Many ‘leaves’Few ‘leaves’

Tiller number in grass plants

answers

 b.  Most individuals are found near the average value for a 
continuous characteristic, so most grass plants have an average 
number of tillers (neither very few nor very many).

Tillering in grasses is a mixture of genetics (each grass plant 
has a maximum number of tillers it can produce) and the 
environment (grass plants increase the number of tillers after 
they are cut during mowing or grazing).

7.

Purple Yellow

Number 
of seeds

Seed colour

Colour of maize plant seeds

8. a. Height / weight / finger length / foot length …

 b. Blood group / ability to roll tongue / eye colour …

  (For other answers, check with your teacher.)

9. An inheritable variation can pass from one generation to the next 
in the genetic material that passes from parent to offspring, e.g. 
having naturally red hair. A non-inheritable variation is caused by the 
environment, affects only the individual and cannot be passed on to 
offspring, e.g. having hair that is dyed red.

10. Identical twins have inherited the same genetic information from their 
parents, so any differences between the twins will be due to the effects 
of the environment.

Selection (page 10)
1. a.  A characteristic that allows an animal or plant to survive and 

reproduce in a given environment, e.g. having white fur gave 
some bears that lived in an icy, snowy environment a selective 
advantage.

 b.  A feature of an animal or plant that is suitable for the way the 
animal or plant lives and that has been brought about by natural 
selection, e.g. having two rows of teeth that can cut chitin and 
bone is an adaptive feature of the tuatara.

 c.  Natural selection is the process by which individuals with 
characteristics that give them an advantage in a specific 
environment survive and reproduce.

 d.  By artificial selection people breed plants and animals that have 
the traits the people want, e.g. selecting sheep for resistance to 
footrot.

 e.  The environment includes all the factors that affect the survival of 
an animal or plant.

2. Features that cannot be passed on are a., c. and f.
3. Sheep have been bred for such traits as long wool, flocking instinct, 

lean meat, resistance to footrot. (For other answers, check with your 
teacher.)
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adaptations 9
adaptive features 7, 9
adenine 29
allele 33
artificial selection 8
asexual reproduction 22

base-pairing rule 30
bases (DNA) 29
behaviours 1
buds 23
bulbs 23

characteristic(s) 13, 33
chromosomes 13
clones 22
competition 57
continuous variation 2
cross over 17
cross 42
cytoplasm 13
cytosine 29

deoxyribonucleic acid 29
discontinuous variation 2, 3
DNA 29
dominant 34

embryo 17
environment 7
environmental factors 57
evolution 1

fertilisation 18

gametes 17
genes 13, 33
genetic code 29
genetic variation 1

genotype 34
genotype ratios 42
guanine 29

heterozygous 34
homologous pairs 13
homozygous 34

individuals 1
inheritable 57

learned behaviours 58
life processes 1

meiosis 17
mitosis 16
monohybrid inheritance 42
mutagens 38
mutation 38

natural selection 7
non-inheritable 58
non-inheritable variation 3
nucleus 13

pedigrees 51
phenotype 34
phenotype ratios 42
plasma membrane 13
population 2
probability 43
Punnett square 22, 42
pure breeder 34

ratio of genotypes 42
ratio of phenotypes 42
recessive 34
replicates 16

selective advantage 7
sex chromosomes 13
sex determination 22
sexual reproduction 22
species 1
structures 1
survival 57

test cross 47
thymine 29
trait(s) 33, 42

variation 1, 57

X chromosome 13
XX 13
XY 13

Y chromosome 13

zygote 18

inDex
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