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activity 1a: Investigations in biology (page 4)
1.  a.   To investigate the effect of pH on the speed at which the enzyme amylase digests 

starch.

 b.  To investigate the effect of temperature on the rate at which salivary amylase 
enzyme digests starch.

 c. To find the effect of light colour on the rate at which tomato plants grow.

 d.  To find out if a variety of different disinfectants have the same effect on the growth 
rate of bacteria on agar plates.

 e. To find out which exercise increases the heart rate of a person most.

 f.  To investigate the effect of increased temperatures on the germination rate of 
marigold seeds.

2.
Independent 

variable
Dependent variable Controlled variables

a. Temperature 
of water

Time taken for the sugar 
to dissolve in the water

• Volume of water.
• Amount of sugar.
• Type of sugar.
• Container used.
•  Movement in the water – if any 

(e.g. stirring).
•  Number of repeats for each 

temperature of water.

b. Type of 
exercise

Change in heart rate as 
a result of the exercise

• Person used for test.
•  Time spent doing each exercise.
•  Heart rate at the beginning of 

each exercise set.
•  Time to rest between each set 

of exercises.
•  Air temperature at the time the 

exercises were carried out.
•  Number of repeats for each 

exercise set.

where applicable, these online answers include the criteria for
obtaining ‘achieved’, ‘Merit’ and ‘Excellence’.
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c. The type 
of fertiliser 
added to the 
soil

Growth rate – this could 
be  in terms of height 
of plants,  number of 
leaves, number of beans 
produced in a certain 
period of time, wet and 
dry mass of the plants  
(how much the plants  
weigh at the end of the 
experiment – dry mass 
is the weight after the 
plant  has been dried in 
an oven to remove all 
moisture).

• Type of bean seeds / plants.
•  Density of plants – how many 

plants there are in a set area.
•  Number of plants used in each 

condition.
•  Volume of soil in each 

condition.
•  Type of soil used must be the 

same before fertiliser is added 
to one group.

•  Site that the plants are grown 
in.

• Watering of the plants.
•  Time that the measurements are 

made for each set of plants.

activity 1B: Planning an investigation (page 6)

1. a. aim:  To investigate the effect of disinfectant concentration on the rate of 
growth of sub-cultured bacteria on agar plates.

Variables:

Independent variable Concentration of disinfectant.

Range of independent variable:
• No disinfectant – water only.
• Recommended-strength disinfectant.
• Double-strength disinfectant.
• Triple-strength disinfectant.

Dependent variable Size of clear area around the filter paper (measured 
in mm).
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Controlled variables •  Agar plates used – all the same as supplied by 
the teacher.

•  Bacteria used for sub-culturing – all the same as 
supplied by the teacher.

•  Size and type of filter paper used – use the same 
type of filter paper to cut the squares and make 
all the squares 5 mm × 5 mm.

•  Type of disinfectant used will be the same.

•  Incubation – all the plates will be incubated 
in the same place (the school incubator) set at 
25°C.

•  Time for incubation – all the plates will be 
left for the same time (e.g. from period 3 on 
Wednesday to period 5 on Friday).

You need to make sure you explain exactly how you will control each variable 
– even if it seems very obvious (like ‘use the same type of filter paper’) – make 
sure that you write it down.

Also be honest with your timing – it will depend on when in the day you have 
your Biology lessons.

 b. Plan

  •  Collect four Petri dish agar plates that have been sub-cultured with bacteria by 
the teacher.

  • Cut 12 squares of filter paper, 5 mm × 5 mm. 

  •  Soak 3 of the squares of filter paper in water, 3 in the recommended 
concentration of disinfectant, 3 in double the recommended concentration of 
disinfectant, and 3 in triple the recommended concentration of disinfectant, all 
for 1 minute each. Note: It is not necessary to describe how you would make 
the increased concentrations.

  •  Take the filter paper out of the disinfectant or water with tweezers and let the 
excess fluid drip off.       

A – water

B – recommended-strength disinfectant

C – double-strength disinfectant

D – triple-strength disinfectant

  • Place one of each of the filter   
   paper discs on each plate,  
   labelling on the outside of  
   the Petri dish with a marker  
   pen as in the diagram.

  • Seal the Petri dish plates with masking tape around their edges.

  •  Place the Petri dish plates upside down in an incubator set at 25°C for 
approximately 48 hours – they will be looked at in 2 days’ time.

  •  Remove the Petri dish plates and measure the diameter of the clear space 
around each paper square.

  •  Record the results in the following table and calculate the average for each set 
of results.
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Petri dish 
plate

Clear space around the paper square – distance across (mm)

water
recommended 

strength 
disinfectant

Double-strength 
disinfectant

Triple-strength 
disinfectant

1

2

3

Average

activity 1C: Gathering, processing and interpreting data, and reporting 
(page 12)

1. a.
Type of exercise 

carried out by Katrina

average

Initial heart rate at rest 
(bpm)

Heart rate after 3 minutes 
of exercise (bpm)

Skipping 68 130.7

Step-ups 68 129.3

Star jumps 68 145.3

Walking 68 85.0

 b.

	

Effect of different types of exercise on
the heart rate of Katrina

Initial heart 
rate at rest 
(bpm)

Heart rate
after 3 min
of exercise 
(bpm)

A
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 m
in
ut
e)

160
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0
Skipping Step-ups Star jumps

Type of exercise carried out

Walking

2. a.  The result for Trial 3 at 45ºC was not consistent with the rest of the results. They 
would have needed to check that this was inconsistent by taking at least one more 
test at this temperature. When averaging the results they could decide to take the 
Trial 3 result out as it was so clearly different from the others.
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b. Temperature 
of solution 

(°C)

Time taken to digest the egg white  
(colour went from cloudy to clear) (s)

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 average

10 Did not 
change

Did not 
change

Did not 
change

Did not 
change

Did not 
change

Did not 
change

20 303 290 310 298 290 298.2

25 150 148 154 149 151 150.4

35 25 22 19 20 24 22

45 16 18 6 (remove) 19 17 17.5

55 62 67 60 64 66 63.8

70 Did not 
change

Did not 
change

Did not 
change

Did not 
change

Did not 
change

Did not 
change

    

Effect of temperature on the rate at which
pepsin digests egg white

Ti
m
e 
(s
)

350
300
250
200
150
100
50
0

20 40 60 80
Temperature (°C)

3.  a. To find the effect of different swim strokes on heart rate.

 b.  Swim stroke.

 c.  Heart rate after 50 m.

 d.   Same swimmer, same distance for each stroke, same rest period between strokes, 
same effort for each stroke; heart rate measured at the same time after each stroke; 
same heart rate monitor used in all tests; same rest between each test.

e.
stroke

Heart rate at end of 50 m (beats/min)

Trial 1 Trial 2 Trial 3 average

Freestyle 120 121 118 120

Breaststroke 89 86 90 88

Butterfly 134 134 130 133

Backstroke 118 114 117 116

Resting 
heart rate

68 67 67 67
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 f. Effect of swim stroke on heart rate in a single swimmer

Swim stroke

A
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 m
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heart rate
 g.  Conclusion / discussion

   The results indicate that swimming all strokes increased the average heart rate of 
the swimmer in this investigation. Butterfly lifted the average heart rate the highest 
(66 beats above resting). Freestyle and backstroke had a slightly lower effect with 
breaststroke increasing the heart rate by only 21 beats per minute. The increased 
heart rate is an indication of the work or effort required for each stroke. Swimming 
required energy. The increased heart rate is a result of the increased demand for 
oxygen and glucose delivery to the muscles. These results would indicate that for 
this swimmer, the greatest effort required was in swimming butterfly. 

4. a.  To investigate the effect of pH on the enzyme pepsin breaking down egg white 
protein.

 b.  That the enzyme would be most effective in acidic conditions (close to pH = 3) 
because it is found in the stomach where the pH is acidic.

 c. pH of the solutions.

 d. Time taken for the solution to go clear.

 e.  To check that the egg white solution would not go clear by itself – i.e. checking 
that pepsin is required.

 f.  Volume of egg white solution used; volume of water, acid or base added; 
temperature of the water bath; volume of pepsin used.

g. Time taken for solution to go clear (min)

pH of solution Pepsin added Trial 1 Trial 2 Trial 3 average

1 Yes

1 No

3 Yes

3 No

5 Yes

5 No

7 Yes

7 No
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activity 4a: DNa (page 31)
1. 1K; 2B; 3E; 4H; 5A; 6J; 7I; 8F; 9C; 10D; 11G.

2. a. i. Correct sequence – GACCTG.

  ii.  

Nucleotide

phosphate

sugar

 (A – part i. correct 
and any two parts 
correctly labelled in 
part ii.)

 b.  Base pairing means the information doesn’t change. For example, during 
replication the new DNA is an exact copy of the old. (A) If base pairing were 
random, the information would change and this would result in a mutation that 
could be harmful to the organism. (M)

 c.  The DNA makes up genes / is the carrier of the information for flower colour. (A) 
Since the information is carried in the order of the bases making up DNA, different 
combinations of bases will result in different characteristics / flower colour. (M) 
Different combinations of bases result in the two alleles for red and white flower 
colour / different combinations of bases result in different proteins that result in the 
two different colours. (E)

3. a.  Bases – four different types (A, C, T and G) that join together in pairs. Deoxyribose 
sugar – forms the sides of the DNA molecule. Phosphates – alternate with the 
sugars to form the sides.  DNA is made up of repeating sequences of base, sugar 
and phosphate / nucleotides. (A – any two correct)

 b. C and G – 600 times each; T – 300 times. (A)

 c.  T pairs with A, so if A occurred 300 times, so would T. Diagram shows twice as 
many C–G pairs, so if A–T occurs 300 times, then C–G occurs 600 times each. (M)

 d. i. and ii.  DNA replication occurs before cell division. Chemical bonds between 
the base pairs of the two strands break, unzipping the DNA, resulting in 
original bases unpaired. Unmatched bases on spare nucleotides floating 
around the DNA match up and join with corresponding unmatched 
bases on unzipped DNA. Enzymes join the sugar and phosphates 
together to form the new sides. Unzipping of original DNA occurs until 
entire DNA replicated. Replicated DNA rewinds and now consists of 
one original strand and one newly made strand. (A – description of 
process) In this way, the two original sides of the DNA are used to make 
exact replicas so the same genetic code as was in the parent cell is 
passed on to the daughter cells. (M – explanation of importance) Any 
changes to the DNA/mutation could result in a protein that doesn’t 
function properly and the organism could be harmed. (E – link made to 
effect on organism)

4.  a. i. Substitution ii. Change is CTA becomes CaA

 b. i. Inversion  ii. Change is GTA becomes TGA

 c. i. Deletion  ii. Change is TTG GTA, second T deleted so sequence is TGG TA?

 d. i. Insertion  ii.  Change is insertion of additional A into TAT GTC so it 
becomes TAa TGT    (A)
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5. a. A change to the usual sequence of bases in the DNA. (A)

 b.  The mutation is repaired or the mutation gives rise to a recessive allele. (A). The 
cell has enzymes that detect and repair changes to the base sequences so there is 
no overall effect on the organism OR only one recessive allele is present and two 
are needed to have a physical effect on the organism. (Explanation for one idea – 
M)

 c.  Since an allele is a certain sequence of bases in DNA, anything that changes 
the sequence of the bases or creates a new sequence of bases can result in the 
creation of a new allele. If the mutation is not repaired, not recessive, or not 
harmful then the new allele can result in an organism with different physical 
characteristics from the organisms that do not have the mutation. Mutations that 
occur in body cells are not inheritable because they cannot become part of the 
genetic makeup of the gametes. Mutations that occur in cells that produce gametes 
are inheritable since they can become part of the zygote if the affected gamete is 
involved in fertilisation. However, if the mutation causes harm to the foetus so that 
it dies; or if the foetus grows but dies before maturity; or if the adult is unable to 
reproduce, then the mutation will not be inherited by subsequent generations. 

   (A – Descriptions related to how mutations result in genetic variation AND effects 
of mutation on body cells and gamete-producing cells, M – explanations related 
to how mutations result in genetic variation AND effects of mutation on body 
cells OR gamete-producing cells, E – discussion of all three aspects including 
comparison of mutation in body cells and gamete-producing cells)

activity 4B: Chromosomes and cell division (page 42)
1. 1E; 2A; 3G; 4H; 5L; 6D; 7C; 8K; 9J; 10B; 11F; 12I.

2. a. i. Female/girl/woman.

  ii. Male/boy/man. (A – both parts correct)

 b.  Sex is determined by two sex chromosomes – males are XY, and females are XX. (A) 
The father determines the sex of the child. If the sperm carries the X chromosome, the 
offspring will be female; if the sperm carries the Y chromosome, the offspring will be 
male. (M)

3. a. Growth and repair. (A)

 b.  The cells produced by mitosis have the wrong number of chromosomes. (A) Sperm 
and egg cells must be haploid/mitosis produces cells that are diploid. (M)

4. The cells divide twice to produce gametes with half the genetic information (i.e. are 
haploid). (A) Variation is produced from meiosis by mixing of the genetic material 
(called crossing-over) and separation of the homologous chromosomes into different 
daughter cells. (M) The variation produced is needed in order to produce offspring 
with a greater chance of survival in successive generations in a changing environment. 
(E)

5. a.  Examples: Human: mitosis occurs in the skin / meiosis in the testes. Daisy: mitosis 
in the growing tips / meiosis in the anther. (A – one correct example)

 b.  Mitosis occurs to produce many identical cells for growth or repair. Meiosis occurs 
to produce genetically different cells with half the number of chromosomes for 
production of gametes. (A – description of purpose; M – how purpose is achieved)
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 c.  Mitosis – same number of chromosomes, two cells produced from parent cell. 
Meiosis – half the number of chromosomes, four cells produced from parent cell 
(in females three usually die leaving just one functional cell). (A)

   Mitosis – important that same number of chromosomes maintained so new cells 
function normally. Meiosis – important that half the number of chromosomes 
results so that resulting zygote develops into another organism of same species / 
has the same number of chromosomes as the original parents. (M)

   Mitosis – important that daughter cells are genetically identical so new cells function 
normally. Meiosis – genetic variation important so that, should environment change, 
some organisms have the adaptations to survive and pass on favourable genes to 
offspring. (E)

activity 5a: First principles (page 49)
1. 1J; 2B; 3I; 4F; 5G; 6A; 7D; 8C; 9E; 10H.

2. Phenotype a. Round b. Wrinkled

Genotype c. RR d. rr

 (A – all four correct)

3. a. �Homozygous dominant (RR), homozygous recessive (rr), and heterozygous (Rr).

  (A – 2 correct)

b. i. R R ii. R r

r Rr Rr r Rr rr

r Rr Rr r Rr rr

  iii. Fraction of offspring with white flowers in cross i. is 0. 

  iv. Fraction of offspring with white flowers in cross ii. is 50% or 1
2

 or 1 : 1.

   (a – i. and ii. correct and one of iii. or iv.)

 c.  In the genotype ratio, RR and Rr are two different genotypes but they both give 
the same phenotype (A); so in the phenotype ratio the red individuals with the 
genotypes RR and Rr are both included in the three red-flowered plants. The one 
rr genotype is a white-flowered plant, and this gives the ‘1’ in the phenotype ratio. 
(M)

 d.  Cross it with a white-flowered plant / do a test / backcross. (A) The white-flowered 
plant will be homozygous recessive and if any of the offspring are white-flowered, 
the red-flowered plant must be heterozygous/Rr (M) as the unknown genotype of 
the red-flowered plant must have contained a recessive white allele that combined 
with a white allele from the test / backcross producing white offspring. (E)

4. a. i. and ii.  Dominant means an allele that always shows in the phenotype. It can 
hide a recessive allele. Recessive means an allele that only shows in the 
phenotype if two copies of it are present in the cell. (A)
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 b. i.  heterozygous yellow-seed pea plant

E e

homozygous
yellow-seed

E EE Ee

E EE Ee

   (A – Punnet square all correct)

  ii.  Genotype is the alleles it carries, and the phenotype is what it looks like. (A) 
A heterozygous yellow-seed pea plant has the genotype Ee and its phenotype 
is ‘yellow seed’. (M)

 c. There are two possible answers.

  Either:

   Test/backcross with plant that produces green seeds. (A) The crosses will be 
Ee × ee and EE × ee. (M) After many generations / many crosses, it would be 
expected that the pure breeding yellow-seed plants would always produce yellow-
seed offspring, while the heterozygous yellow-seed plants will produce some 
green-seed offspring. (E)

  Or:

   Breed the plants from these seeds for many generations / until green-seeded plants 
were produced. (A) The possible crosses will be Ee × Ee and EE × Ee or EE × EE. 
(M) After many generations/crosses, the heterozygous crosses will be expected 
to produce some green-seeded offspring, while both of EE × Ee and EE × EE will 
always produce yellow-seeded offspring. (E)

5. a. Dominant – allele that always shows in the phenotype.

   Recessive – allele that only shows in the phenotype when two copies of it are 
present / an allele whose effect can be hidden by the dominant allele. (A)

 b. 3 in 4 or 75%. (A)

 c.  Genotype is the actual alleles that the individual contains. Phenotype is the way 
the individual looks as a result of its genotype. (A) A seed that has a genotype 
of Rr will look round (round phenotype) and a seed of genotype rr will have the 
wrinkled phenotype. (M)

 d.  Perform a test cross (A); a test cross involves a green pea, which will be 
homozygous recessive. If the yellow pea is heterozygous, some of the offspring 
will be green. (M) If all of the offspring are yellow, it is highly likely that the pea 
is homozygous dominant, but as fertilisation is a chance process, this cannot be 
confirmed until a very large number of offspring have been produced that are all 
yellow. (E)

6. a. Both parents must be Cc/heterozygous. (A)

 b. The affected child is cc/homozygous recessive. (A)

c. C c

C CC Cc

c Cc cc
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   The Punnet square shows the possible offspring these two parents can produce (A). 
Since both parents are heterozygous, half the gametes of each parent will carry the 
normal C allele, while the other half will carry the mutant c allele. As long as there 
is at least 1 C allele present at fertilisation, the baby will not have cystic fibrosis. 
However, the gametes that fused to produce the third child both contained the 
mutant c allele, producing a baby with cystic fibrosis (M). It is impossible to tell 
from the parent’s phenotypes that they are carriers of the mutant c allele, and 
since each fertilisation event to produce offspring is an independent event, it is not 
significant that their two previous children were normal (E).

 d.  The probability of producing another child with cystic fibrosis is 0.25% or 1/4 (A) 
because each fertilisation is an independent event that is not influenced by any 
previous fertilisations (M).

activity 5B: Pedigrees (page 52)

1. a. 2
3

 or 66% or 2 out of 3. (A)

 b.  Female C is heterozygous – she has one copy of the normal form of the CFTR 
gene. (A) This shows because she does not suffer from CF but one of her daughters 
suffers from CF. Female C also carries the recessive form of the CFTR gene, as this 
has been inherited from her mother. (M)

 c.  Female C is not affected by CF, as she has the normal form of the CFTR gene. (A)

  i.  Male B must be a carrier, as he has to have inherited the recessive form of the 
CFTR gene from his mother. Therefore, children produced by B and C would 
have a 75% chance of having the normal phenotype and 25% of the children 
would be expected to suffer from CF.

  ii.  If female C has children with a normal male, then the phenotype of all the 
children will be normal, but 50% of these will carry the recessive allele of the 
CFTR gene.

 (M – one correct explanation; E – both situations correct)

2. a.  Generation III has two males with orange-brown fur, three females with orange-
brown fur and one male with white fur. (A)

 b.  The genotypes of both the original tigers are heterozygous (A); so when they mated 
each passed the recessive white-fur allele on to the two white-fur offspring. (M)

 c. Some points that could be included in the discussion are:

  •  Tiger B has orange-brown fur so it must carry the dominant orange-brown-fur 
allele. (A)

  •  The original tigers produced some offspring with orange-brown fur and some 
with white – the original tigers must both carry the recessive white-fur allele.

  •  Second allele received by tiger B could be either orange-brown-fur allele or 
white-fur allele (M – explanation of possible genotypes)

  •  Offspring of tiger B have all received orange-brown-fur allele from tiger B. This 
could mean two things – tiger B has two copies of the orange-brown-fur allele 
so is homozygous dominant or, as inheritance involves chance, it could be that 
all the offspring inherited the dominant orange-brown-fur allele and tiger B 
does have the recessive white-fur allele.



290    Answers

© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

A
nsw

ers

  •  Further crosses between these two tigers would have to occur to identify if 
tiger B is homozygous or heterozygous for the fur-colour alleles. (E – both 
possibilities discussed)

3. a. Parents  Rr rr

  Gametes R r r r

  Offspring Rr rr Rr rr (A)

 b.  50% : 50% or half : half or 1 normal : 1 short, curly or 1 straight-haired : 1 Cornish 
Rex.  (A)

 c.  Gamete production: if alleles of a gene are different, some gametes will contain 
one allele while others will have the other allele.

   Fertilisation: the zygote contains one set of chromosomes/alleles from the male 
and one set from the female. (A – description relating to either gamete production 
or fertilisation)

   Gamete production: this is because meiosis causes allele pairs/homologous 
chromosomes to separate into different gametes and if alleles are different, this will 
result in variation.

   Fertilisation: variation arises because gametes carrying the same or different alleles 
can come together. (M – explanation relating to either gamete production or 
fertilisation; E – discussion of both gamete production and fertilisation)

activity 6a: Inheritable and non-inheritable variation (page 56)
1.  Inheritable variation is variation that can be passed on from parent to offspring, while 

non-inheritable variation cannot. (A) This is because to be inheritable, the DNA that 
codes for the variation must be present in the gamete-producing cells and therefore 
in the gametes, while non-inheritable variation is the DNA present in the body cells, 
which cannot make its way into the gametes. (M) For example, the DNA that codes 
for pale skin is passed on from one or both parents to its offspring (and is present in 
every cell of the offspring’s body). However, the offspring may then choose to darken 
the colour of their skin by sunbathing, exposing the DNA in their skin cells to solar 
radiation that may cause a mutation in the DNA, and the offspring to develop skin 
cancer. The mutation is not inheritable since it has only occurred in the DNA of the 
skin cells and not in the gamete-producing cells. (E)

2.  a.  Non-inheritable (A) since it has caused mutations in the DNA of the body (lung) 
cells, but not the gamete-producing cells. (M)

 b.  Non-inheritable (A). While weight does have a genetic basis, the highly processed 
diet of the heavier twin does not change the twin’s DNA, so this twin will not 
necessarily produce heavier offspring. (M)

 c. Inheritable (A) since the alleles for eye colour are inherited from both parents. (M)

 d.  Non-inheritable (A), since the frost damage has occurred only to the body cells of 
the plant. (M)

 e.  Non-inheritable (A), since the change has occurred only to body cells and this 
cannot change the DNA of the gamete-producing cells. (M)
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activity 6B: adaptive features and natural selection (page 60)
1. a. and b.

Description of 
adaptive feature

Type of adaptive 
feature

How feature enables survival

Thick leathery skin Structural Prevents injury to internal organs as 
eel swims along river beds, etc.

Dark brown, grey 
colours

Structural or 
physiological 
(pigments)

Dark colours enable eel to be well 
camouflaged, avoiding predators 
(including humans)

Slender, tubular body Structural Enables efficient swimming 
through water, particularly fast-
flowing streams, reducing energy 
expenditure

Hides under logs, 
etc. during day

Behavioural Not active when daytime predators 
are, reducing chances of being 
caught. Night makes it difficult for 
prey to see eel, increasing chances of 
catching prey

Migrate to breed Behavioural Possibly reduces competition 
between parents and offspring for 
food so increases chances of survival 
of offspring

Migrate instinctively 
at breeding age

Physiological Migration risky. If eels migrate too 
young and too many of them die, this 
will greatly reduce eel population 
numbers

Body changes to 
tolerate salt water

Physiological Eels would die in salt water if they 
did not undergo these changes 
before reaching the sea

  (A – descriptions of adaptive features (column 1); M – explanations of how each 
feature enables survival (column 3).)

2. a.  Insects are attracted to the nectaries and pollinate the flowers as they gather 
nectar. (A) This increases variation in the plant population by assisting cross-
pollination. (M)

 b.  Mammals are not reliant on the external temperature for important processes such 
as cell respiration and behaviours such as movement (A), so always have sufficient 
energy and mobility to able to find food and escape from predators. (M)

 c.  The venom allows the snake to kill prey and is a defence against attackers (A), 
increasing the survival chances of the snake. (M)

 d.  The spines deter most animals from eating the plant (A), so the plant lives to 
produce flowers and reproduce (M)

 e.  Changing colour camouflages the chameleon when the colour of its surroundings 
change (A), making it much harder for predators to see and catch it. (M)
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3. a. Description of 
adaptation

Type of 
adaptation

Explanation of survival advantage of 
adaptation

Webbed feet Structural Enable efficient swimming either above or 
below the water when searching for food or 
chasing prey

Waterproof 
feathers

Structural Water runs off bird’s body so it stays dry and 
warm

Most build 
nests

Behavioural Provides a safe place for the young to be 
looked after to increase their chance of 
surviving to reproductive age

Diving ducks 
blood volume 
larger than 
non-diving 
ducks

Physiological Enable the diving ducks to stay under water 
for long periods to obtain food

   There may be several other adaptive features, depending on the information 
sources.

  Descriptions of adaptive features (A), explanations of how each aids survival. (M)

 b.  Those birds with mutations that meant they naturally had more webbing on their 
feet would have been ‘fitter’ (had a survival advantage) over those that did not. 
These birds would have survived and reproduced, passing the characteristic for 
their webbed feet to their offspring. (A – descriptions related to how ancestral birds 
got or had webbed feet, M – explanations related to how successive generations 
and/or modern species now have webbed feet)

4. a. The ability to fly further without needing to rest / having stronger flight muscles.

 b. Slight differences in flower structure or colour that attract a new pollinator.

 c. Having a natural tolerance for abnormally dry conditions.

 d. Being naturally resistant to the virus.

 e. Having a stronger beak that can break open the harder seeds.

5.  A Festuca ovina plant had a mutation that conferred resistance to copper. Some of 
the resistant plant’s seeds would have also been resistant to copper, so some seeds 
that landed on the soil around an old copper mine were able to survive. These seeds 
grew into plants that in a similar way would have passed the resistant alleles to their 
offspring. Festuca plants with resistant alleles now grow healthily in the high-copper 
areas.

 (A – descriptions related to natural resistance of some plants, M – explanations related 
to how this resistance arose, E – discussion includes explanations of how natural 
resistance arose to idea of increased ‘fitness’ and increase in population numbers)

6.  The genotypes of the plant in the alpine environment and of its offspring in the 
lowland garden are similar since the seeds came from the alpine plant. The difference 
in growth is due to the different environmental conditions in the two areas – the alpine 
area has extreme weather conditions, including freezing temperatures and high winds, 
while the lowland coastal area is much warmer and possibly wetter. Plants with 
small leaves and adaptations to withstand dry conditions can grow in the cold, windy 
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alpine environment. However, the warm wet conditions in the lowland area enable 
consistent photosynthesis and growth. The plants in the lowland area can therefore 
grow faster and bigger than those in the alpine habitat. (A –linking differences in 
growth to differences in the two environments; M – explanations of how differences 
in environments result in differences in growth; E – Merit plus consideration of similar 
genotypes of the plants in the two areas, yet very different growth, therefore must be 
due to effects of environment.) 

activity 6C: sexual and asexual reproduction (page 63)
1.  a.  Sexual reproduction involves fusion of gametes from two genetically different 

parents, while asexual reproduction involves the formation of offspring from one 
parent only. (A)

 b.  There is plenty of food available during these seasons, which can support large 
populations of aphids (A). Asexual reproduction is very rapid and allows as many 
aphids as possible to be produced in a short time, while conditions are favourable. 
(M)

 c.  The offspring that hatch in the spring will be genetically different from their parents 
(A). This could be important if the conditions in the next spring are different from 
those in the previous summer because members of the new population might not 
survive in the changed conditions. (M) If the new spring aphids are genetically 
identical to the original parents, they might not survive should the environmental 
conditions change, e.g. if it is abnormally cold or there is a new disease in the 
population, or the aphids are sprayed with insecticide. However, if there is genetic 
variation in the new aphids, there is a better chance that some of the aphids might 
survive and reproduce. (E)

 d.  Asexual reproduction is a rapid way of reproducing since only one parent is 
required and the young are born live. This enables the aphids to breed very 
quickly in the constantly warm conditions and with the abundance of food in the 
greenhouse. However, the aphid population could be severely affected should 
conditions change. Because there is no genetic variation among the population, 
if the temperature changes or the aphids are affected by a new disease or sprayed 
with insecticide, the whole population is at risk of being wiped out, because there 
is no chance that a few of the aphids might be more naturally tolerant of the new 
temperature or resistant to disease or able to withstand the insecticide and survive 
to reproduce.

   (A – descriptions of advantages and disadvantages of sexual and asexual 
reproduction; M – explanations related to either advantages or disadvantages of 
sexual and asexual reproduction; E – discussion includes explanations related to 
advantages and disadvantages of sexual and asexual reproduction.)

2. a.  Reproducing by tubers is the asexual method; reproducing by seeds is the sexual 
method. (A) Tubers are part of the parent plant that grows into a new plant; their 
formation does not require DNA from another plant; while the production of seeds 
requires the mixing of DNA from two plants. (M)

 b.  Growing potatoes from ‘eyes’ on tubers is quick. (A). One parent can quickly 
produce many offspring without the chance processes of pollination and 
fertilisation, and the grower knows exactly what qualities the offspring will have 
since they are genetically identical to the parent (M).
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 c.  Growing potatoes from tubers is fine if the environmental conditions are relatively 
constant from year to year, but doing so might be disadvantageous in the long 
term (A). There is no genetic variation in the population to cope with unexpected 
environmental change. (M) For example, the crop might become infected with a 
new virus that quickly kills every plant, destroying the entire crop. Had there been 
some genetic variation in the crop as a result of planting from seed, there might 
have been a chance that some of the plants had natural resistance to the virus. 
By selective breeding, strains of plants that are resistant to a wide variety of plant 
diseases can be produced. (E).

activity 7a: The skeleton (page 71)
1. A skull; B scapula; C humerus; D pelvis; E patella; F tibia; G fibula; H clavicle; 

I sternum; J ribs; K ulna; L radius; M femur. (A – 8 of the 13 correct)

2. • Support – shape.

 •  Movement – the bones provide a system of levers to which the muscles attach and 
operate.

 • Protection of organs – brain, lungs, heart.

 • Production of red blood cells.

 • Storage of calcium. (A – 3 of the 5 correct)

3. a. Provide support/protection/produce red blood cells. (A)

 b. i. Allows for smooth movement of the bones across one another. (A)

  ii.  The bones get longer and thicker due to the bone cells/osteocytes depositing 
bone material. (A) Bone cells/osteocytes replace cartilage with bone tissue. (M)

activity 7B: Joints (page 73)
1.  a. Fibrous or fixed joint.   b. Slightly moveable joint.

 c. Synovial hinge joint.   d. Synovial ball-and-socket joint.

 e.   Synovial hinge joint.   f. Synovial ball-and-socket joint.

 g.  Synovial hinge. (A – 4 of the 7 correct)

2. a. The fluid in the synovial cavity lubricates the joint surfaces. (A)

 b. Ligament. (A)

 c.  Ligaments join/connect/link the bones across the joint (A) to hold the bones in 
place so that the bones are supported/stronger/can move correctly up and down, 
not sideways. (M – explanation links purpose of ligament to movement of bones)

d. Type of joint Example

Fixed Between bones of skull

Sliding Wrist

(A – any two 
types of joint with 
examples)
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activity 7C: Healthy bones (page 77)
1. a.  Arthritis is inflammation of a joint, usually accompanied by pain, swelling, and 

stiffness. (A – description or definition of arthritis)

   When cartilage between joints wears away, ends of the bones rub together. This 
causes a joint to swell and become painful / less mobile. (M – symptom of reduced 
mobility linked to reason for swelling or degeneration of the joint)

   If the person has osteoarthritis, this causes the cartilage in the joint to wear away. 
When this happens, the ends of the bones can rub together, causing the joint to 
swell up and become very painful for the affected person. In this condition, the 
knee joint, for example, will not be as mobile as a normal knee joint. If the person 
has rheumatoid arthritis, the joint will also feel sore and will be harder to bend, 
because rheumatoid arthritis causes inflammation of the synovial membrane, 
which slows down the making of synovial fluid. This means that the joint will have 
less lubrication, so there will be stiffness and pain.

  (E – comparison of osteoarthritis and rheumatoid arthritis and joint mobility)

 b.  Athletes get sprains (damaged ligaments) and strains (damaged muscles).
(A – description of each)

   A sprain is caused by the bones being suddenly pulled apart (cause), resulting in 
tearing of a ligament (effect), while a strain is caused by the athlete not warming 
up sufficiently (cause), resulting in an overstretched muscle (effect). (M – cause 
and effect for either sprain or strain)

   Strains can be torn muscles because the athlete didn’t warm up properly before 
doing strenuous exercise. When a muscle is torn, it will not be able to contract the 
way it normally does, so the athlete will be in pain and won’t be able to bend the 
joint as easily or as well.

   When an athlete gets a sprain, the ligament has partly pulled apart, so it will 
not be able to hold the bones of the joint together as well as it normally would. 
If the injury is something like the knee getting bent backwards, it can cause the 
whole ligament to tear apart. This would take a longer time to heal so the athlete 
would be unable to compete for longer and would be more likely to get the same 
ligament injured again. (E – cause and effect of both sprain and strain, and impact 
on athlete, such as effect on performance or time to heal)

2. a.  The ribs form a cage around the lungs to protect them / production of blood cells 
in the femur / transmission of sound by the bones in the middle ear/malleus/
hammer. (A – description includes function of bone(s) and where in the body 
bone(s) occur(s))

 b.  You would expect more greenstick fractures in children / more simple or 
compound fractures in adults. (A – description of likelihood of different fractures 
in children or adults)

   Children’s bone is softer than adult bone because it is still developing and more 
likely to bend rather than fracture / the bone in adults is harder and more likely to 
snap than bend. (M – reason for each fracture related to age)

3. a.  Bones of skull are fused together so form a protective case around the brain / ribs 
form a cage around the lungs. (A)
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 b.  Greenstick fracture – bone cracks on one side only, not all the way through.

  Simple fracture – bone broken in one place and does not break the skin.

   Open/Compound fracture – broken bone pushes out through the skin / damages 
soft tissue. (A)

 c.  Different types of joint allow different types of movement (A); therefore, body has 
more than one type of joint to get range of different movements (e.g. hinge joint 
in knee compared with ball-and-socket joint in hip, which gives rotation). (M – 
explanation linked to named joints)

 d.  Pregnancy and breastfeeding place extra demands on the calcium stores in 
women, and bone loss accelerates after menopause / as people get older bones 
break down faster than new bone can form. (a)

   After menopause, ovaries stop producing oestrogen that protects against bone 
loss / women can lose up to 20% of their bone mass in the five to seven years 
following menopause and are more likely to get osteoporosis / women don’t get 
the recommended amounts of calcium, Vitamin D and exercise that reduce bone 
loss / critical years for building bone mass that will protect against development 
of osteoporosis in later life are prior to adolescence to about age 30, during which 
time young women are less likely to implement necessary lifestyle. (M)

  (E – linking together of several different explanations)

4. Injury Cause Effects Explanations

Breaks Large stresses 
on the bone 
(e.g. impact 
with hard 
surface) so 
bone breaks.

Pain, bleeding, 
swelling, bruising.

Impact can:
•  Be sudden to cause complete 

break (e.g. a fall).
•  Occur over a long time to cause 

cracks or stress fractures (e.g. 
long-distance running).

Loss of movement. •  Due to broken bone damaging 
surrounding tissues including 
blood vessels, nerves.

•  Antagonistic muscles can no 
longer move parts around the 
broken bone as it can no longer 
act as a lever.



Answers    297

© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

A
ns
w
er
s

Injury Cause Effects Explanations

Strains Stretching 
or tearing 
of muscles.

Pain when muscle  
moved.

Caused by sudden, powerful contraction 
of muscles or contraction of muscles 
that have not been ‘warmed up’ or are 
weak.

Swelling, muscle 
spasm, bruising, 
difficulty in 
moving.

Often occurs in athletes who are 
competing and making their muscles 
contract more than usual, e.g. sudden 
sprinting for the ball in a rugby 
game, lifting a very heavy weight in a 
weightlifting competition. The muscle 
is damaged and can no longer work 
properly. Nerves within the muscle can 
also be damaged.

Injury Cause Effects Explanations

Sprains Stretching 
or 
tearing of 
ligaments.

Mild sprain: 
• Ligament stretched, slightly torn. 
• Results in some pain, tenderness. 
•  Can still bear weight as the bones 

are held in their correct place by the 
ligaments.

Severe sprain: 
• Ligament completely torn. 
• Causes pain, swelling, bruising. 
•  Weight cannot be put on the joint/

makes movement painful/difficult as 
the ligament can no longer hold the 
joint in place.

• Nerves can also be damaged.

Due to sudden 
stress on a joint 
so bones are 
pulled apart, e.g. 
rolling an ankle 
when running on 
uneven ground. 

 (A – descriptions of cause and effect for one injury; M – explanations related to either 
causes or effects for one injury)

activity 7D: Muscles (page81)
1.  a. Tibia. b. Fibula. c. Pelvis. d. Tibia or femur.  e. Tibia. (A – 3 of 5 correct)

2. a.  Cartilage allows the joint to move smoothly by providing a smooth surface / 
reduces friction or wear between bones as they move. (A)

 b.  Voluntary control means a person is able to control when skeletal muscles 
contract and relax. (A – what voluntary control is)

   Certain muscles have to be under voluntary control so a person can control when 
they are to be used. If these muscles were involuntary muscles, then they might 
not work when they were needed. (M – reason why voluntary control important 
and contrast with involuntary muscles)
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 c.  The knee joint has ligaments that hold the bones in place. The flexor muscle is 
joined to bone by a tendon, and this muscle contracts to move the leg backwards. 
(A – description of functions of ligaments, tendon and flexor muscle)

   Flexor (hamstring, contracts) and extensor (quadriceps, relaxes) muscles in the 
thigh attach to tendons, which attach to either side of the bones in the lower leg, 
just below the knee joint. (M – explanation of antagonistic action to produce 
movement, contraction and relaxation of named muscles, tendons acting across 
the joint)

   When the knee is bent to move the lower part of the leg backwards, the flexor 
muscle contracts and the extensor muscle relaxes, pulling the tibia and fibula 
backwards. These two muscles work as an antagonistic pair to cause the knee to 
bend and straighten. Tendons join muscles to the bones so the muscles pull on 
the bones. Ligaments allow movement, but provide stability across the joint so it 
only moves to a certain point. (E – discussion includes function of muscles, bones, 
joints, tendons and ligaments and how all parts work together in movement)

3. a.  Movement / pumping blood from heart / move food through the digestive system. 
(A)

 b.  Voluntary muscles – under control of central nervous system; consciously decide 
when want muscle to contract (e.g. skeletal muscles, biceps).

   Involuntary muscles – cannot be made to contract and relax through conscious 
control (e.g. smooth muscle, stomach wall). (A – description of each; M – use of 
named example for each)

 c. Points that could be included in a discussion are:

  • Muscles produce movement only by contracting and pulling on bones.

  • Muscle joined to bone by tendon.

  •  Ligaments hold bones of a joint together, so bones can move without moving 
apart. (A – description of three components)

  •  Tendons attach across a joint; tendon begins in more stationary bone and ends 
on more movable bone.

  •  Muscles around a joint act as antagonistic pairs – when one muscle contracts, 
other muscle relaxes.

  • Biceps and triceps muscles work as antagonistic pair.

  •  When triceps contracts, it shortens and pulls on ulna, which opens elbow joint 
from Position 1 to Position 2. 

  •  When biceps contracts, triceps relaxes and elbow joint bends from Position 2 
to 1. (M – explanation of named muscle pair to move joint)

  •  Muscles, bones, joints and tendons work as levers; flexor muscle bends a joint, 
extensor muscle straightens the joint.

  •  Contraction of muscles provides force to move the lever; joint acts as a fulcrum 
(fixed point around which lever moves). (E – linking of all three components to 
idea of the joint as a lever)
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science 1.10
Muscles contract to pull on bones and move them, joints allow movement of bones. 
Each muscle pair is antagonistic, muscles W (quadricep) and Y (gastrocnemius) contract, 
while muscles X (hamstring) and Z (tibialis) relax. Muscles attached to bone by tendons. 
Ligaments attach bones together across a joint so limb can bend. Athlete can be affected 
by a strain – when muscle over-stretched or tears / sprain – when ligament is torn / 
broken bone – bone fractured partly or completely / muscle fatigue – accumulation 
of lactic acid in the muscles (A – description of all four components, including one 
environmental effect/injury) Example: W attached by tendon to top of bone B (tibia). 
When W contracts and X relaxes, it pulls on the tibia, causing the ball-and-socket joint 
of the hip to rotate towards the back and the leg straightens/moves from Position 1 to 
Position 2. The ligaments attaching A to the pelvis and C link together the rigid framework 
of the bones so that the movement is possible. Named disorder affects athlete by causing 
pain / affects rigidity of bones (M – explanations involves the specific muscle pairs, 
tendons and ligaments, and effect of disorder.  Implications of disorder to athlete must 
consider effect on whole skeleto-muscular system or individual, e.g. the athlete may not 
be able to move as well or at all making them less competitive, and may take a long time 
to recover from the injury as new tissue needs to be made/new tissue may not be as strong 
as it used to be. (E – discussion includes M plus implications to athlete)

activity 8a: The digestive system (page 96)
1. 1E; 2B; 3R; 4W; 5C; 6A; 7L;  8P; 9H; 10G; 11I; 12Q; 13T; 14F; 15J; 16M; 17X; 18S; 

19Y; 20U; 21K; 22D; 23N; 24V; 25Z; 26O

2. a.  Remove table format and insert a dash for each, e.g. Molar – crushing or grinding, 
etc.

  

i. Molar crushing or grinding

ii. Canine tearing or holding

iii. Incisor cutting or biting    (A – five correct)

 b.  The mouth contains an enzyme that digests starch. The mouth does not have 
the other enzymes to digest protein, fat, etc. (A – enzymes involved in chemical 
digestion, not all present in the mouth)

   The enzyme amylase is the only enzyme in the mouth, and it digests only starch. 
Other enzymes digest other types of food. (M – identifies amylase as digesting 
starch, and that other enzymes digest other foods)

 c.  The stomach has a pH of 1–2 and this is where protein is digested OR the 
duodenum has an alkaline pH and this is where fats are digested. (A)

   Each digestive enzyme works best in a different pH, e.g. protease enzymes that 
digest protein function best in acid conditions (low pH). (M – linking different pH 
levels to best conditions for enzyme activity, named example)

   When the food goes from the stomach to the duodenum, the pH is changed from 
low to high (acid to alkaline) by the bile that is mixed into the food. This stops 
protease enzymes, from the stomach, digesting any more protein. The change 
to alkaline conditions is also because the lipase enzymes that digest fats in the 
duodenum function best at a higher pH. (E – comparison of effects of different pH 
conditions for two named enzymes and their substrates in two different parts of the 
digestive system)



300    Answers

© ESA Publications (NZ) Ltd, Customer freephone: 0800-372 266

A
nsw

ers

3. a. The purpose of absorption is to get digested food into the bloodstream. (A)

 b.  Villi are small folds in the lining of the small intestine that increase the surface 
area where absorption takes place. (A – description of folds of villi or increase of 
surface area)

   Also, the membrane of villi cells is folded into microvilli. Because there are many 
folds, much surface area is in contact with the food, which means a greater surface 
area for food molecules to travel through and into the blood. (M – how villi and 
microvilli significantly increase surface area for absorption of food)

 c.  Bile is a mix of chemicals produced by the liver that is alkaline / causes the 
emulsification of fats / breaks down fats. Pancreatic juice contains enzymes. 
(A – description of what each substance does or is)

   Emulsification causes large insoluble drops of fat to be broken down into smaller 
droplets. The lipase enzymes in pancreatic juice digest fat. (M – explanation of 
what emulsification is and of function of enzymes in pancreatic juice)

   Having many smaller droplets of fat means lipase enzymes in the pancreatic juice 
have much more surface area where they can attack the fats and break them down 
quickly so they are small enough to be absorbed into the blood. (E – linking of 
emulsification to a large surface area for effective action of lipase)

4. a. i.  Mixes with food to moisten, soften and lubricate / adds salivary amylase to 
begin digestion of starch / kills bacteria that enter the mouth. (A)

  ii.  Contains acid that assists digestion, kills micro-organisms and provides an acid 
environment for pepsin / contains enzyme pepsin that breaks proteins into 
polypeptides. (A)

  iii.  Contains bile salts that aid digestion and absorption of fats by emulsification 
(i.e. breaking droplets of fats and oils into smaller particles) to allow greater 
surface area. (A)

 b.  Food contains different types of nutrients (e.g. protein, starch). (A) Enzymes are 
specific and digest only one type of nutrient (e.g. lipase digests only fats and oils); 
different enzymes needed to digest range of different nutrients in food. (M)

 c.  Pancreatic juice contains a wide range of enzymes, including amylase, nucleases, 
lipase. Enzymes from the small intestine function at optimum levels when in 
alkaline conditions. (A – description of activity of enzymes in normal small 
intestine)

   pH of chyme entering small intestine very low (acidic) due to addition of 
hydrochloric acid when food is in stomach / bile and pancreatic juice both 
alkaline, so they neutralise acid chyme from the stomach. Each enzyme has 
specific shape important to its function; each enzyme has certain environmental 
conditions (e.g. pH and temperature) required for optimum levels of activity. 
Enzymes denatured by altered pH levels. 
(M – explanation compares pH of the two compartments)

   With reduced bile, pH of acidic chyme will not rise (become alkaline), therefore 
enzyme activity in small intestine reduced – digestion of carbohydrates, proteins 
and fats will be reduced. (E – link made between effect of gallstones and activity of 
enzymes)
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5. a.  Absorbs water from the undigested food and forms the undigested food into 
faeces. (A)

 b.  As food becomes drier in colon, contractions of colon are able to push colon wall 
against the food which allows remaining water to be absorbed (A); without need 
for villi to increase surface area.  (M)

6. a. Breaks down food into small molecules that can be absorbed into the blood.  (A)

 b. Any two of:

  • Salivary gland – produces saliva containing mucus, water and enzymes.

  •  Liver – produces bile which raises pH of the chyme in the duodenum / 
produces bile which breaks the drops of fats and oils into smaller droplets.

  • Pancreas – produces enzymes.

  • Large intestine – absorption of nutrients and water.  (A)

c.
Organ

(a – descriptions 
of structure and 

function)

(M – explanations 
relating to structure or 

function)

(E – discussion relating 
structure and function 

to digestive system)

Stomach •  Sac shape to 
hold food.

•  Sphincters to 
control release 
of digested 
food into 
duodenum.

•  Smooth 
muscles in 
walls to churn 
food.

•  Cells in lining 
to produce 
gastric acid 
/ enzyme / 
pepsin.

•  Holds food for 
several hours.

•  Churns/mixes 
food.

•  Digests 
proteins.

•  Sphincters ensure 
food digested 
efficiently before 
moving to next 
stage.

•  Sphincters contain 
pepsin/acid within 
the stomach – so it 
doesn’t move into 
next stage where 
it may not work 
efficiently / may 
cause damage.

•  Food churned for 
thorough mixing 
with pepsin/acid / 
to break large food 
molecules down 
into smaller ones 
to ensure efficient 
digestion.

•  Gastric acid kills 
bacteria in food / 
ensures correct pH 
for action of pepsin.

•  Pepsin digests large 
proteins into small 
amino acids for 
absorption into 
bloodstream.

The stomach is the 
starting point for the 
digestion of proteins 
and carries out further 
mechanical digestion. 
Large food molecules 
are broken down 
into small, soluble 
ones for efficient 
absorption. The 
smooth muscles lining 
the stomach wall 
contract rhythmically 
to churn and mix 
the food and pepsin 
enzymes ensuring 
thorough mixing and 
efficient digestion. The 
stomach has sphincter 
muscles at both ends 
that contain the 
pepsin and the gastric 
acid in the stomach. 
This keeps conditions 
in the stomach acidic 
enough for the pepsin, 
and prevents leakage 
of corrosive acid into 
the oesophagus or the 
duodenum.
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Small 
intestine

•  Very long thin 
folded tube.

•  Cells in the 
lining produce 
enzymes.

•  Supplied by 
ducts from 
the liver and 
pancreas.

•  Walls folded 
and have villi.

•  Most 
absorption 
occurs in 
ileum.

•  Folds increase the 
length of tube that 
can fit inside the gut, 
so increasing the 
time food remains in 
the intestine.

•  Ducts supply 
digestive enzymes 
to the intestine only 
when needed to 
avoid wastage of 
enzymes.

•  Villi greatly increase 
the surface area for 
efficient absorption 
into the blood.

•  Alkaline conditions 
of the small intestine 
suit the enzymes 
that carry out 
digestion here, so 
absorption occurs 
efficiently as food is 
digested.

Most digestion and 
absorption of digested 
food occurs in the 
small intestine. It is 
a very long thin tube 
with many external 
and internal folds. The 
external folds ensure 
food stays in the 
intestine for as long 
as possible, while 
the internal folds and 
the villi ensure that 
maximum surface 
area is in contact with 
the digested food 
for absorption. The 
alkaline conditions 
suit the enzymes 
found here, so that 
maximum enzyme 
activity and digestion 
occur.

7. a. Catalysts that help break down large food molecules into small molecules.  (A)

 b.  Enzymes have an optimum temperature at which they work. (A) When temperature 
was 50°C, the enzymes were denatured; a temperature of 22°C is below the 
enzymes’ optimum temperature so enzyme activity was slow. (M)

 c.  Different enzymes work best at different pH levels. (A) Pepsin in the stomach 
works best in acidic conditions, while enzymes in the small intestine work best in 
alkaline conditions/are denatured in acidic conditions. (M)

8. a.  Bowel cancer can cause blood in the faeces / diarrhoea or constipation / lower 
abdominal pain or swelling / always tired / person is pale and weak. (A – 
description of two of the symptoms) 

 b.  A person with diarrhoea can die through losing too much water from their body 
(dehydration) (A – description of effect of diarrhoea); so the blood is thicker and 
harder to pump, putting strain on the heart / less sweat produced so less body heat 
lost or core body temperature can increase. (M – links effect of diarrhoea to death 
of person)

 c.  An ulcer causes damage to the lining of the stomach / causes stomach pain / 
causes inefficient digestion. (A – description of effect of an ulcer on the stomach)

   Damage to the mucous lining of the stomach means stomach wall can be digested 
by stomach enzymes or acid / damage to the stomach wall means the muscle is 
not able to work efficiently to churn food / for peristalsis to occur, so digestion of 
food is reduced. (M – reason for effect of ulcer on stomach function)
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   The mucus lining prevents stomach enzymes digesting the stomach itself (stomach 
wall is muscle, which contains protein). An ulcer is damage to this lining and the 
stomach wall caused by the enzymes breaking them down. When the muscle 
wall is damaged, it does not churn the food efficiently / peristalsis is reduced, 
so digestion of food in the stomach not efficient. (E – discussion links effect of 
damage by an ulcer to stomach lining by the enzymes to function of the stomach)

science 1.10 (I)
 a.  Depends on the disorder. Example – bowel cancer affects the large intestine 

(colon, rectum, appendix). Normally, structure of large intestine is a wide, 
muscular tube into which undigested foods and water pass after moving through 
the rest of the digestive system. Consists of appendix, caecum and colon, lined 
with epithelial cells and lots of goblet cells that produce mucus to protect 
intestinal wall and lubricate faeces. Function is to reabsorb water from food, 
absorb vitamins and minerals from food. Biological processes include absorption 
of water and minerals by passive diffusion, fermentation of polysaccharides by 
bacteria in colon to produce vitamins. 

 b.  Example – bowel cancer. Bowel cancer (the environmental factor) involves 
cancerous growths within the large intestine, which may become very large and 
obstruct the bowel, resulting in constipation or diarrhoea, bleeding from bowel, 
abdominal pain, or which can burst and cause serious infection of abdominal 
cavity, anaemia if bleeding is chronic, weight loss due to loss of appetite, and 
pain, cancer may spread to other organs if not treated, and cause death. Factors 
linked to bowel cancer include diet high in red meat, but low in fibre, fish, fruit 
and vegetables; certain viruses and bacteria; smoking; excessive alcohol use; low 
levels of selenium and vitamin B6. 

   (A – descriptions related to structure and function of the digestive system, and 
the disorder; M – explanations related to structure and function of the digestive 
system, and the disorder; E – discussion linking how disorder affects the normal 
structure and function of the digestive system and how the individual is affected by 
the disorder in terms of nutrition)

science 1.10 (II)
Answer needs to link the following points into a discussion:

• Descriptions of enzymes in the human gut – names, where they act, what they do, e.g. 
salivary amylase, pepsin, lipase, amylase, maltase, protease.

• Explanations of how and why these enzymes act – how – biological catalysts, very 
specific in terms of substrate they act on and conditions under which they act; 
why – act to break large complex food molecules into small, simple molecules that 
pass easily from small intestine into bloodstream for transport around the body and 
assimilation.

• Explanations of how compartmentalising gut assists in enzyme function, with specific 
examples to illustrate, e.g. – each compartment has conditions specific for the 
enzymes that act there, so action is efficient/maximised, overall digestive process very 
efficient because undigested and digested food do not mix.
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 (A – descriptions of at least 3 enzymes in terms of what they do, where they function 
and environmental conditions required for action; M – explains enzyme action and 
how the structural or environmental features of the gut assist the functioning of at least 
2 digestive enzymes; E – discussion makes significant links between enzyme action, 
the compartmentalisation of the gut and implications for the process of digestion)

activity 9a: Blood composition (page 103)
1. 1G; 2J; 3H; 4A; 5E; 6I; 7F; 8D; 9B; 10C.

2. White blood cells – fight disease / make antibodies / engulf and destroy pathogens.

 Platelets – required to clot the blood.

 Plasma – transports substances such as glucose and carbon dioxide.

 Red blood cells – transport oxygen. (A – three correct)

activity 9B: Human heart (page 107)
1. 1K; 2H; 3B; 4L; 5C; 6A; 7F; 8I; 9J; 10E; 11G; 12D.

2. a. i.
Right side  Left side

(A – position of all four 
valves must be correct)

  ii.  The valves prevent the backflow of blood / maintain blood flow in a forward 
direction. (A)

 b. 

superior vena cava enters
the right atrium from
above the heart 

inferior vena cava enters
the right atrium from
below the heart 

pulmonary veins enter
the left atrium, returning
from the lungs

(A – both vessels
must be drawn 
and labelled)
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activity 9C: Human circulation (page 115)
1. a. F; b. F; c. F; d. F; e. T; f. F; g. F; h. F; i. F

2. A brain; B lungs; C intestine; D liver; E kidneys; F muscle; G bone marrow.

3. a. (A – description of two differences) b. (M – explanation of one difference)

Two of: One of:

Aorta walls are thick and vena cava 
walls are thin.

Because the aorta carries blood under high 
pressure while the vena cava carries blood 
under low pressure.

Aorta walls are elastic and vena cava 
walls are inelastic.

Because the elastic walls can smooth out 
the surge of blood that moves into the 
aorta with each heart beat while this surge 
is not significant by the time blood reaches 
the vena cava.

Aorta doesn’t have valves and vena 
cava does have valves.

Because blood flow in the vena cava is 
under low pressure so valves prevent 
backflow of blood, but blood in aorta is 
under high pressure so it flows forwards.

Aorta diameter is small and vena cava 
diameter is large.

Small diameter maintains high pressure 
of blood in aorta while larger diameter in 
vena cava means little resistance to low-
pressure blood returning to the heart.

 c.  Pulmonary vein carries oxygenated blood while pulmonary artery carries 
deoxygenated blood. (A)

 d.  Answer should contain the following points in paragraphs, not bullet points. 

  •  Capillaries are narrow, thin-walled vessels that lie in beds between the arteries 
and veins in the circulatory system. The extensive capillary beds throughout the 
body ensure all tissues are in contact with a blood supply via the capillaries. 

  •  Function of the capillaries is to exchange materials between the blood and the 
cells by diffusion across the single-celled walls of the capillaries.

  •  Materials that are exchanged from the blood to the cells include oxygen, 
nutrients (glucose, amino acids, fatty acids, glycerol, vitamins and minerals), 
water and hormones.

  •  Materials that are exchanged from the cells to the blood include carbon 
dioxide, urea, mineral salts and water. 

  •  Capillaries sit in close contact with the cells and tissues in order to reduce the 
distance required for diffusion of substances exchanged between the blood 
and cells.  (A – description of a function of capillaries; M – explanation of 
function in terms of how materials are exchanged in capillaries)

 Use an example (such as the exchange of glucose from the gut to the blood and 
from the blood to the cells (e.g. in muscles), or the exchange of oxygen from the 
alveoli to the capillaries and from the blood to body cells) to explain in detail 
how the capillaries allow the substances to reach their destination. One such 
example follows.
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   Glucose is required by cells for cellular respiration, providing the energy required 
to run the cell. Food containing glucose is taken into the body and broken down 
to individual glucose molecules in the digestive tract. Large capillary beds close 
to the small intestine allow glucose to enter the blood by active transport. From 
the small intestine, the glucose-rich blood can continue on its journey through 
the circulatory system, enabling the subsequent delivery of glucose to cells 
throughout the body as the blood passes through capillary beds close to these 
cells. Glucose moves by active transport into the cells, where it is used to provide 
energy for respiration, which in turn provides energy for cellular processes. The 
structure of the capillary walls (one cell thick) allows effective diffusion into 
the cells. Extensive capillary beds in all parts of the body ensure all cells are in 
close proximity to capillaries and can therefore receive the glucose required for 
respiration.

   Capillaries are also responsible for heat loss from the body. This is achieved 
because there are large capillary beds close to the skin. As the blood travels 
through these beds close to the skin, heat is lost from the blood to the cooler skin 
surface. When greater heat loss is required, the capillaries dilate; when reduced 
heat loss is required, the capillaries constrict. This mechanism allows effective 
control of heat loss from the body.

   (E – answer should include a description of the structure and purpose of the 
capillaries, an explanation of how capillaries function, discussion showing 
understanding of why capillaries are required within the circulatory system and 
how their structure enables them to carry out this function – use of specific 
examples strongly recommended)

4. The question requires that you explain the role of the heart, plasma and red blood 
cells and lymphatic system and refer to at least four substances that are being 
transported. Five substances used in this answer are oxygen, carbon dioxide, 
glucose, fats, and hormones.

  Substances are transported around the body via the circulatory system. This consists 
of a pump (the heart), and a series of closed vessels that transport the substances in 
the blood via the red blood cells or the plasma. The heart is central to transportation 
of substances around the body. Blood is pumped from the heart at high pressure 
and enters the arteries, which have thick walls and a narrow lumen, enabling the 
high pressure to be maintained as the blood travels to the tissues. From the arteries, 
the blood enters the capillary beds, where, due to the thin walls of the capillaries, 
substances can be exchanged between the blood and the tissues. From the capillaries, 
blood travels at low pressure via the veins back to the heart.

 Oxygen is transported by the red blood cells. The blood entering the lungs has a low 
concentration of oxygen, so oxygen diffuses from the alveoli into the capillary beds in 
the lungs. Once in the blood, the oxygen binds to the haemoglobin and is transported 
in this way to all cells in the body, as oxygen is required by the cells for cellular 
respiration. Once the blood reaches the capillary beds in the tissues, the oxygen will 
diffuse into the cells where there is a lower oxygen concentration than in the blood.
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  Substances such as nutrients (glucose, amino acids, vitamins, and mineral salts), 
carbon dioxide, urea, water, hormones, antibodies and platelets are transported in the 
plasma. As in the case of oxygen, many of these substances cross from the cell to the 
blood and vice versa due to concentration gradients. For example, carbon dioxide, 
a waste product of cellular respiration, enters the blood from the cells at the tissue 
level. It is dissolved in the plasma and is transported via the circulatory system to the 
lungs, where it diffuses out of the blood and into the alveoli where there is a lower 
concentration of carbon dioxide. Glucose is required in the cells for energy. It moves 
by active transport into the capillaries, where it is transported to the cells and again 
moves by active transport into the cells, where it is used in cellular respiration to 
provide energy. 

  Fats are also required for energy. Fats are absorbed into the lymphatic system through 
the villi in the small intestine. The vessels of the lymphatic system empty into the 
circulatory system through large veins in the neck. Once in the circulatory system, 
fats are transported to where they are needed, or to the liver for assimilation. Some 
substances that are transported in the plasma are made in the body. Hormones are 
an example of chemicals that are made in the endocrine glands and transported in 
the plasma to sites in the body where they are required. An example is adrenaline – a 
hormone made in the adrenal glands in response to a fright. When it is transported in 
the blood, it causes an increase in heart rate, depth of breathing and alertness, so a 
person can react effectively to the fright.

  (A – describes role of three of heart, plasma, red blood cells or lymphatic system, 
and refers to three substances; M – explains how or why three of heart, plasma, red 
blood cells or lymphatic system transport substances, with reference to at least three 
substances;  E – a discussion of the role of three of heart, plasma, red blood cells or 
lymphatic system, which refers to at least four substances being transported)

5. arteries:

 •  Function – To carry oxygenated blood under high pressure away from heart to 
body (except for pulmonary artery, which carries deoxygenated blood from heart 
to lungs).

 •  Structures associated with function – thick elastic walls (to withstand high pressure 
and to smooth out the surge of blood that moves into the artery with each heart 
beat), small lumen (to maintain high pressure).

 Veins:

 •  Function: To carry deoxygenated blood under low pressure towards heart from 
body (except for pulmonary vein, which carries oxygenated blood from lungs to 
heart).

 •  Structures associated with function – thin inelastic walls (as blood under low 
pressure), have valves (to ensure no backflow of blood).

 (A – description of two features for either arteries or veins; M – explanation of each 
feature related to function; E – comparison of both arteries and veins relating structures 
to function)
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activity 9D: Cells and energy (page 117)
1. The breaking down of glucose to release energy in the presence of oxygen. (A)

2. Mammals have high energy needs/have to maintain a constant body temperature (A) 
and anaerobic respiration does not supply a mammal with sufficient energy (to meet 
these needs). (M)

3.  Mitochondria are the structures in living cells inside which respiration occurs. (A) 
Folding of the internal membrane/cristae greatly increases the surface area available 
for the enzymes to work on, maximising the rate of respiration. (M)

4. a.  Aerobic respiration is the breakdown of glucose to release much energy in the 
presence of oxygen, while fermentation is respiration in the absence of oxygen to 
produce little energy and lactic acid. (A)

 b.  The internal membrane of the mitochondrion is greatly folded (A) providing 
maximum surface area for the enzymes involved in respiration. (M)

 c.  Respiration is the process by which enzymes break down glucose molecules into 
CO2 and water, and the energy released is used to make ATP. The energy in ATP is 
then used for all cell processes that keep the organism alive (metabolism). These 
include building large molecules from small ones so the organism can grow; 
contraction of muscle cells so the organism can move/its heart can pump; and the 
active transport of substances, such as the absorption of digested nutrients in the 
small intestine. 

   (A – descriptions related to process, purpose or importance to the organism of 
respiration; M – explanations related to process, purpose or importance to the 
organism of respiration; E – discussion linking process to its purpose and overall 
functioning of the organism)

activity 10a: Gas exchange (page 124)
1. • Air is not cleaned/filtered by the hairs inside the nose.
 • Air is not warmed.
 • Air is not moistened.
 • Bacteria and dust cannot be trapped by mucus. (A – any two)

2. Keeps the trachea and bronchi open. (A)

3. Breathing is the action by which air is moved into and out of the lungs. (A) This allows 
oxygen (required by all cells) to enter the body through the lungs, and carbon dioxide 
(a poisonous waste product of cellular respiration) to leave the body. (M)

4. a. The goblet cells produce and secrete mucus. (A)

 b.  The cilia beat constantly (A); moving mucus that traps unwanted substances (such 
as dust and bacteria) with these substances out of the lungs and air passages. (M)

 c.  Tar in cigarette smoke paralyses the cilia. This reduces the ability of cilia to clear 
mucus, containing bacteria and dust, so increasing the risk of infection in the air 
passages and causing increased coughing in an effort to remove the mucus.

   Smoke causes inflammation of the airways, which in turn causes an increase in the 
secretion of mucus. The greater amount of mucus reduces the ability of the airways 
to function effectively, causing increased coughing and increasing the potential for 
infection. 
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  (A – one effect described; M – one effect with a reason for the effect explained)

 d. Exchange of gases (oxygen and carbon dioxide). (A)

5.  Answer should contain the following points in paragraphs, not bullet points. 

 •  Oxygen – more in inhaled than in exhaled air. Oxygen is required in the body 
for cellular respiration. Oxygen diffuses from the alveoli into the blood and is 
transported to cells in the body where it is used in cellular respiration. Blood 
leaving the tissues and air leaving the alveoli have lower oxygen levels because 
the oxygen has been used in the cells.

 •  Carbon dioxide – more in exhaled than in inhaled air. Carbon dioxide is produced 
as a waste product of respiration in the cells, so there is more carbon dioxide in 
the blood leaving the tissues and consequently a higher level of carbon dioxide in 
the exhaled air.

 •  Nitrogen – no difference in amount in inhaled and in exhaled air. This is because 
nitrogen gas cannot be absorbed and is not used in this form by the body.

 •  Water – more in exhaled air than in inhaled air, because water is produced as 
a waste product of respiration. Exhaled air is one way in which excess water is 
removed.

 (A – describes difference for three of the four gases; M – explanation for why there 
is a difference for three of the four gases; E – answer should include a description of 
the differences between the inhaled and exhaled air for all four gases, explanation of 
why these differences occur, discussion showing understanding of how differences 
between oxygen and carbon dioxide levels are linked)

activity 10B: respiration, breathing and gas exchange (page 129)
1. 1C; 2B; 3I; 4H; 5O; 6L; 7K; 8G; 9E; 10J; 11F; 12A; 13D; 14N; 15M.

2. Diaphragm – contracts and flattens, lowering the air pressure.

 Intercostal muscles – contract and move the rib cage up and out. (A)

3. a. i.  Provides large surface area for gas exchange between air and blood.

  ii.  Carries oxygen around the body.

  iii.  Dissolves gases in order for them to diffuse across the cell membrane. (A)

 b. Any of two of the following:

  • Large surface area.

  •  Thin membrane – gases diffuse more efficiently across a thin membrane as 
there is less distance to travel.

  • Moist surface – this is required for gases to dissolve for diffusion. (A)

sci 1.10
 Answer should contain the following points in paragraphs, not bullet points. 

• Discussion of normal gas exchange system – structures, functions and associated 
biological processes – e.g. alveoli: large, moist surface area for gas exchange inside 
lungs, supplied with capillaries, diffusion of gases, transport of gases to cells for 
respiration.

• Damage is broken capillaries, destruction of the walls of alveoli, reduction in surface 
area available for gas exchange, loss of elasticity of alveoli.
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• Broken capillaries and/or damage to walls of the alveoli lead to reduced efficiency of 
gas exchange between the alveoli and the blood, leading to a reduction in the amount 
of oxygen available for respiration in body cells. The person will have less energy and 
get tired easily. The person may breathe more quickly and deeply in the attempt to 
increase oxygen supply to cells. 

• Over-inflation of the alveoli means fewer folds in the alveoli walls and a reduced 
surface area for gas exchange. With less oxygen available for respiration in body cells, 
the person will have less energy and get tired easily. The person may breathe more 
quickly and deeply in the attempt to increase oxygen supply to cells. 

  (A– description of gas exchange structure and function and two effects of damage 
on alveoli; M – answer should include explanations of structural features and how 
they are related to gas exchange, and how the damage affects the functioning of the 
system; E – discussion includes consideration of consequences of the damage on the 
individual)

activity 11a: Excretion in humans (page 136)
1. 1B; 2G; 3J; 4I; 5D; 6E; 7F; 8A; 9H; 10C.

2. a. Brings blood high in urea and salts to the kidney to be filtered. (A)

 b. • Filters waste products from blood.

  •  Helps control blood water levels by removing excess water and salts from the 
blood. (A – one function needed)

3. Blood is entering the glomerulus from the renal artery at high pressure and small 
substances (everything other than blood cells and proteins) are being forced into the 
Bowman’s capsule. (A – idea of substances moving into Bowman’s capsule; M – due 
to high pressure and larger substances remain in the blood, identification of one 
substance)

4. similarities

 •  Blood in the glomerulus and the capillary network have the same concentration 
of protein molecules and blood cells, because protein molecules and blood cells 
are too large to be forced from the blood into the Bowman’s capsule.

 •  The concentration of glucose is the same, because, although glucose is a small 
molecule that is forced out of the blood in the glomerulus, all glucose should be 
reabsorbed back into the blood in the tubules.

 Differences

 •  Blood in the glomerulus is high in urea, whereas blood in the capillary network 
is lower in urea. This is because urea is an unwanted waste that is filtered out of 
the blood at the glomerulus and not reabsorbed. 

 •  Blood in the glomerulus is high in salts, and blood in the capillary network 
is lower in salts. This is because all salts are filtered out of the blood at the 
glomerulus, and only those salts required by the body are reabsorbed into the 
blood in the tubule. All excess salts are excreted in the urine.
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 •  Blood in the glomerulus has more water than does blood in the capillary 
network. Water is filtered out of the blood at the glomerulus and water is 
reabsorbed by the tubules, to obtain the concentration required by the blood. 
The amount of water reabsorbed will vary depending on the amount of salts in 
the blood and the volume of water that has been lost as sweat. Excess water is 
excreted in the urine.

 •  Blood in the glomerulus has more oxygen and less carbon dioxide than blood 
in the capillary network. This is because cells in the kidney require oxygen 
for cellular respiration and produce carbon dioxide as a waste product of 
respiration.

 (A – describes one similarity and one difference / two similarities / two differences;
M – gives a reason for each; E – identifies and explains at least two similarities and 
two differences)

5. a. Glucose, urea, amino acids, water, mineral salts. (A – three substances needed)

 b.  High pressure in the glomerulus forces substances from the blood into Bowman’s 
capsule which leads into the tubule. (A) The pressure is from a combination of 
blood coming from the renal artery, (which carries blood under high pressure from 
the heart) and blood being forced from the larger diameter artery into the smaller 
diameter tubes of the glomerulus. (M)

 c. i.  Red blood cells, white blood cells, platelets, blood proteins. (A – two 
substances)

  ii.  Too large to pass through the capillary walls in the glomerulus and into the 
Bowman’s capsule. (A) Due to selectively permeable holes in the blood vessel 
walls. (M)

6.  Answer should contain the following points in paragraphs, not bullet points. 

 •  The renal artery carries blood that is higher in water, urea and salts. The renal 
vein carries blood that is lower in urea and has less water and salts.

 •  Blood enters the kidney through the renal artery, moving into the glomerulus at 
high pressure, where all substances (apart from blood cells, platelets and blood 
proteins) are forced into the Bowman’s capsule and into the kidney tubule.

 •  In the tubule, useful substances are reabsorbed into the blood. Substances that 
are not required are retained in the tubule and excreted in the urine. 

 •  All the glucose and amino acids, and most of the salts, are reabsorbed by active 
transport. Water passes from the tubule to the blood by osmosis. Urea and the 
remaining water are excreted as urine.

 (A – describes function of kidney; M – explains function of kidney and refers to a 
difference between renal artery and renal vein; E – refers to named substances to show 
how difference arose)

7. a.  Delivers urine produced in the kidneys to the bladder.

 b.  Tube by which urine leaves body after being stored in the bladder.

 c.   Filters blood, regulating salt and water balance in the body and excretes excess 
salts and urea. (A)
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8.  This could be answered well using bullet points. 

 • Aorta brings blood from heart into the kidney through the renal artery.

 • Renal artery branches into small arteries which supply each nephron.

 •  The small artery splits into capillaries (known as the glomerulus) as it enters the 
Bowman’s capsule.

 •  Blood leaves the glomerulus and enters network of capillaries that surround the 
kidney tubule.

 •  The capillaries all deliver blood into the renal vein, which takes filtered blood 
back to heart through the vena cava. (A)

activity 11B: Factors that affect the process of excretion (page 142)
1.  1C; 2F; 3B; 4A; 5D; 6E.

2.  E, B, A, F, C, D. (A – all correct)

3. In hot weather, the body sweats to reduce body temperature and maintain a constant 
internal temperature. This means that there is a lower concentration of water in the 
blood and more water is reabsorbed back into the blood. This means there is less 
water in the urine, making it more concentrated and darker in colour.

  In cold weather, the body does not produce as much sweat. This means that there is 
a higher concentration of water in the blood and less water is reabsorbed back into 
the blood in the kidneys. This means that there is more water in the urine, making it a 
lighter colour. (A – description links fluid levels in body and urine; M – link to urine 
colour) 

4.  Normally, water is reabsorbed from the collecting ducts as filtrate moves through 
them. The amount of water reabsorbed depends on the blood volume and 
concentration, both of which are measured by the hypothalamus. ADH released by 
the pituitary controls the reabsorption of water from the collecting ducts. 

  When a person becomes dehydrated, the body responds using the following 
mechanisms to return to a normal water concentration in the blood.

 •  The reduced water concentration in blood is detected in the hypothalamus which 
causes the person to feel thirsty. This should stimulate the person to increase his 
or her fluid intake which will help increase water in the body.

 •  The hypothalamus also sends nerve impulses to the pituitary gland to increase 
secretion of the hormone ADH. This hormone increases the volume of water that 
is reabsorbed by the kidneys, reducing the volume of urine produced. These two 
factors work together to re-establish normal water concentrations in blood.

  Dehydration initially causes a person to feel thirsty. Their urine output decreases, and 
sweating may stop in an effort to retain as much water as possible. As a result, body 
temperature rises and eventually death will occur as metabolic enzymes denature. 
(A – descriptions related to normal kidney function, kidney function when dehydrated 
and effects of dehydration; M – explanations related to how each response restores 
fluid balance and effects of hydration; E – discussion compares and contrasts kidney 
function when normally hydrated and when dehydrated, and implications to the 
person of dehydration)
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5. Answer will depend on the disease, but discussion should link the following:

 • normal kidney structure and function

 • effects of the disease on normal kidney function and/or structure

 • effects of the disease on the affected individual.

activity 12a:  Human reproductive systems (page 152)
1. 1L; 2E; 3C; 4H; 5P; 6B; 7K; 8O; 9S; 10F; 11N; 12J; 13R; 14Q; 15M; 16A; 17D; 18T; 

19G; 20I. 
2. Oestrogen causes the uterus lining to thicken; progesterone causes the uterus lining to 

thicken further; FSH stimulates the development of follicle(s) in the ovary; ovulation 
occurs when LH levels peak. (A – description of function of any two)

  FSH stimulates the development of follicles in the ovary and the secretion of oestrogen 
by the follicles / increase in oestrogen inhibits further production of FSH / increase 
in oestrogen stimulates production of LH causing ovulation when LH peaks / when 
corpus luteum secretes progesterone and oestrogen, these inhibit production of LH. 
(M – explanation of how two hormones work together)

  Menstrual cycle begins with menstruation, all hormonal levels are low. FSH levels 
rise as it is released by pituitary, causing development of follicles in ovary. Follicle 
cells produce oestrogen, which results in uterus lining starting to thicken. Increased 
oestrogen levels inhibit FSH production but stimulate LH production. When LH 
levels peak, ovulation occurs. Corpus luteum secretes progesterone, which causes 
uterus lining to thicken further, and inhibits LH production. As a result, corpus luteum 
dies and stops releasing progesterone. In addition, if implantation does not occur, 
progesterone and oestrogen levels fall, uterus lining breaks down, menstruation occurs 
again. (E – full discussion of how all four hormones work together to control menstrual 
cycle)

3. a. i. Production of sperm.

  ii.  Storage of sperm.

  iii.  Contributes secretions to seminal fluid that sperm swim in.

  iv.  Contributes secretions to seminal fluid that sperm swim in.

  v. Carries sperm from testis/epididymis to penis. (A – any three)

 b. Any two from following list:

  • Growth of pubic, body and facial hair.

  • Increased size of penis and testicles and production of sperm.

  • Increased production of testosterone.

  •  Increase body size, including width of shoulders and chest and development of 
more muscular body shape. (A)

 c.  Physical changes seen during puberty are due to the secretion of hormones which 
will be active throughout the life of the adult male. The pituitary gland in the 
base of the brain secretes FSH and LH. (A – link to hormones) In the male, FSH 
stimulates production of sperm in the testes while LH stimulates production of 
testosterone from testes as they begin to grow and develop. The presence of these 
hormones in the body is responsible for changes seen at puberty.  (M – explanation 
of effects of hormones)
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4. Investigation should include:

 •  Descriptions of changes to structural features in males and females related to 
puberty, e.g. development of breasts, widening of hips, growth of vagina, uterus in 
females, growth of pubic hair in both males and females, growth of penis, sperm 
ducts, prostate glands, seminal vesicles, muscles in males, etc.

 •  Explanations relating above changes in structural features to the purpose of 
functions and/or biological processes, e.g. breasts develop as fat is deposited 
and milk secretion tissue grows so that female can feed her baby / male genitals 
enlarge to enable successful transfer of sperm into female reproductive tract in 
order that fertilisation can occur / uterus grows as endometrium develops and 
uterus large enough to accommodate growing baby

 •  Explanations related to role of hormones in puberty. At least 3 of LH, FSH, 
oestrogen, progesterone, testosterone should be covered: e.g. hypothalamus begins 
to secrete hormone that stimulates pituitary gland to release FSH and LH. In girls, 
LH stimulates the growth of follicles in the ovaries, and FSH stimulates ovulation 
so that an egg is available to be fertilised by any sperm present. 

 (A – descriptions related to all three aspects; M – descriptions related to changes in 
structural features and explanations related to ONE of the other two aspects;  
E – discussion includes explanations for all three aspects PLUS consideration of the 
overall purpose of puberty to males and females: e.g. in females puberty prepares the 
young woman for reproduction, so a baby can successfully develop and grow and she 
can feed it once it is born, giving the baby the best chance of survival.)

activity 12B: Mother and foetus (page 159)
1. 1E; 2G; 3A; 4B; 5C; 6F; 7D.

2. a.  The name of the process is ovulation. It is when the follicle ruptures and an egg is 
released. (A)

 b. i. Progesterone.

  ii. Maintains the lining of the uterus (endometrium). (A – both correct)

 c. In the Fallopian tubes. (A)

 d. A sperm penetrates the egg, and the nuclei of the sperm and the egg fuse. (A)

 e. i.  To maintain a lower temperature than the core body temperature to make 
sperm. (A) If the temperature is maintained below 37°C, then the sperm count 
will be higher and there will be fewer sperm with abnormalities. (M)

  ii. Place where sperm are stored / mature. (A)

  iii.  Many sperm are required as very few survive the journey from ejaculation 
through the uterus and into the Fallopian tubes. Factors that prevent sperm 
from reaching the Fallopian tubes include the following:

   • There will be a proportion of defective sperm.

   •  Many sperm do not have enough energy to survive the required swim 
journey, or they become trapped on the uterus lining.

   • Acidic conditions in the vagina destroy many sperm.

   •  Normally, there is only one egg released from one ovary – a number of 
sperm will swim to the wrong Fallopian tube. 
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   (A – description of one way sperm numbers reduced / idea of few sperm reaching 
egg; M – reason why sperm numbers reduced and why many are needed)

3. a. i. Amnion: Chamber in which the foetus grows and is protected.

  ii.  Mucus plug: Increased protection of embryo/foetus from micro-organisms that 
may enter via the vagina. (A)

 b.  The foetus gets oxygen from the exchange of gases across the placenta from the 
mother to the foetus. (A) Oxygen diffuses from the capillaries of the mother to the 
placenta. From the placenta, oxygen diffuses into the capillaries of the foetus. (M)

 c.  Answer should contain the following points in paragraphs, not bullet points. 

  •  Growth of the foetus from 20 to 40 weeks is achieved due to the ability of 
the placenta to supply nutrients to, and remove wastes from, the foetus; the 
uterus provides an ever-increasing safe space for this growth. (A)

  •  The placenta increases in size during this period to maintain the greater 
amounts of nutrients required. The increase in size provides a greater 
surface area for the exchange of nutrients and wastes and a matching greater 
capillary network to allow increased blood flow to meet the increased 
nutrient demands.

  •  The uterus increases in size to accommodate the growing foetus and the 
increased amniotic fluid that is required to protect the foetus. (M – reason for 
changes)

  • Maintenance of the endometrium/placenta is controlled by hormones.

  •  Progesterone levels are high during pregnancy, enabling the endometrium 
(uterus lining) to remain thickened.

  •  Oestrogen is higher than normal during the pregnancy. This high level is 
associated with maintaining the uterus lining and increasing the blood flow 
to the uterus.

  (E – M plus linked to function of one hormone during pregnancy)

4. a. In the ovary. (A)

 b. Sperm and nutrient fluids. (A)

 c.  A sperm penetrates the membrane of the egg. (A) The nuclei of the sperm and the 
egg fuse to create a zygote. (M)

 d.  Two embryos are placed in the uterus because the chances of successful 
implantation of the embryo in the endometrial lining of the uterus, and 
development of a foetus are low (A); and this increases the chance that at least one 
will successfully implant/develop. (M)

5. a.  If a pregnancy occurs, progesterone levels remain high in the second half of the 
menstrual cycle instead of dropping off. (A)

 b.  Answer should contain the following points in paragraphs, not bullet points. 

  If a pregnancy occurs:

  •  During the first six weeks, the mother will notice that her period does not 
occur, her breasts swell and become tender. She suffers from increased 
tiredness, possibly nausea. (A)
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  •  The corpus luteum continues to produce progesterone, which means that in 
the second half of the menstrual cycle, progesterone levels remain high. This 
enables the endometrium (lining of the uterus) to stay intact, allowing the 
embryo to implant when it enters the uterus. Once the embryo is implanted 
into the lining of the uterus, the placenta will start to develop and supply the 
growing embryo with nutrients and remove wastes.

  •  Levels of oestrogen are also higher than normal, which, combined with the high 
levels of progesterone, prevents the maturing of an egg within the follicle and 
menstruation.

  •  High levels of oestrogen stimulate the development of milk-secreting tissue in 
the breasts in preparation for breastfeeding. The high levels of progesterone 
prevent milk production at this stage.

   (A – description of two effects; M – reason given for each effect; E – each 
explanation linked either to enabling embryo to implant or cessation of ovulation 
during pregnancy or future milk production)

6. a.  Cushions/protects foetus as mother moves / reduces friction as foetus moves.
(A – one idea)

 b.  Transports oxygen and nutrients/glucose/minerals/vitamins/amino acids (not food) 
from mother to foetus. (A – both ideas)

 c.  Placenta is where oxygen/nutrients from mother’s blood pass through membrane 
into the blood vessel of foetus in the umbilical cord. (A – description of function of 
placenta and umbilical cord)

   Foetus uses up nutrients as it grows and develops, meaning concentration of 
nutrients is low in artery in umbilical cord. Nutrients are rich in mother’s blood. 
Because of concentration gradient, substances diffuse from mother’s blood across 
placental membrane into foetus’ blood. Placental membrane ensures the blood of 
mother and foetus never mix and maintains concentration gradient. (M – one reason 
given for nutrient movement between foetus and mother; E – two explanations 
linked for nutrient movement)

7. Investigation should include the following.

 •  Descriptions of structural features of female reproductive system that allow 
pregnancy, e.g. ovaries release eggs each month that can be fertilised by male 
sperm / uterus lining builds up in case of fertilisation and implantation / placenta 
barrier between mother and baby that enables exchange of substances between 
mother and baby / cervix becomes blocked with mucous plug that seals baby off 
from outside environment.

 •  Explanations relating structural features to their functions / biological processes, 
e.g. uterus lining very vascular so implanted blastocyst receives plenty of nutrients 
and O2 for growth and development / placenta keeps mother’s and baby’s blood 
separate to reduce the chance of pathogens passing from the mother to the baby / 
the outer layer of the placenta is branched into many villi that greatly increase the 
surface area for the absorption of nutrients and O2 from the mother to the baby 
/ small, simple molecules such as O2 and CO2 move by diffusion between the 
mother and the baby, while larger molecules such as amino acids move by active 
transport because they are too big to diffuse.
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 •  Explanations related to how the environmental factor affects the developing baby, 
e.g. lack of proteins during pregnancy will affect the growth of the baby since 
amino acids from the mother are used by the developing baby to make its own 
new tissues, organs  and enzymes. 

 •  Implications for the baby, e.g. baby may be born underweight since it has not been 
able to grow adequately, and may have brain damage since brain tissue is made 
from proteins; insufficient amounts of protein may also affect the development of 
the placenta causing the baby to be born prematurely and not fully developed. 

  (A – descriptions related to first three aspects – structures, their functions and effect 
of an environmental factor, M – descriptions of structures and explanations related to 
functions AND effect of environmental factor, E – discussion linking first three aspects 
PLUS consideration of implications of environmental factor for the baby before or after 
birth)

activity 12C: Human reproduction (page 166)
1. a.  Amniotic sac ruptures / amniotic fluid passes out of mother (A – description of 

what is meant by ‘waters break’); this occurs because foetus pushing down on 
cervix causes amnion to break / contraction of uterus causes amnion to break. 
(M – why ‘waters break’)

 b.  Mucus plug expelled / uterus contracts / cervix dilates / oxytocin levels increase 
cause placenta to break away from uterus / increase in pain as uterus contracts 
/ as vagina stretches to let baby’s head out / placenta / afterbirth expelled / 
progesterone levels decrease. (A – any two descriptions)

2. a.  Vagina → cervix → uterus → Fallopian tube. (A)

 b.   At ovulation, two eggs must have matured and been released. (A) As the twins are 
of different sexes, at fertilisation, separate sperm must have fertilised each of the 
eggs.  (M)

3. a.   Progesterone is produced initially in the ovaries and later in the pregnancy by the 
placenta. (A) The level of progesterone starts to increase at approximately day 14 
(ovulation) and continues to increase to a peak in a normal non-pregnant cycle 
at approximately day 22. If an egg is fertilised, the progesterone levels remain 
high throughout the period of gestation. Progesterone stimulates the growth of the 
lining of the uterus (endometrium) and maintains the lining during gestation. (M) 
During gestation, progesterone has a role in stimulating the secretory tissues of 
the mammary glands; inhibiting milk secretion; stopping the muscles of the uterus 
from contracting; inhibiting FSH secretion (responsible for stimulating a follicle to 
develop and an egg to mature). (E)

 b.  Carbon dioxide and urea. (A)

 c.   The embryo is connected to the mother by the umbilical cord. Blood from the 
embryo flows to and from the placenta in the umbilical artery and vein where it 
comes very close to, but does not mix with, vessels carrying the mother’s blood. 
(A) Carbon dioxide, oxygen, glucose and urea are exchanged between embryo 
and mother by diffusion from high to low concentration. Other larger substances 
are exchanged by active transport. In the diagram, the oxygenated blood entering 
the placenta will a have higher concentration of oxygen than the blood in the 
umbilical artery. Oxygen will diffuse from blood space in placenta to umbilical 
artery. Carbon dioxide will diffuse in opposite direction. (M)
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 d.  The birth process has three stages:

  •  Stage one – contractions of muscles of the uterus wall gradually dilate the 
cervix; the amniotic sac may burst, releasing amniotic fluid.

  •  Stage two – contractions of the muscles of uterus wall increase. The baby is 
pushed, usually head first, through the birth canal. Once the baby has been 
completely delivered and is breathing, the umbilical cord is clamped.

  •  Stage three – the uterus continues to contract, causing the placenta to separate 
from the wall of the uterus and pushing it through the birth canal.

   The hormone oxytocin is produced by the pituitary gland and stimulates the wall of 
uterus to start contractions.  (A – description of the three stages of birth; M – reason 
given for each stage; E – role of oxytocin included)

activity 13a: Micro-organisms (page 181)
1. 1Q; 2W; 3D; 4A; 5F; 6N; 7L; 8P; 9S; 10O; 11J; 12R; 13V; 14B; 15K; 16E; 17M; 18H; 

19I; 20C; 21U; 22G; 23T.

2. a. Type Bacillus Vibrio Spirillum Coccus

Shape  Rod shape.  Bent rod 
shape. 

 Spiral shape.  Spherical. 

  (A – any two)

 b. Streptococcus – causes throat infections.

  Staphylococcus – causes pimples and skin infections.

  Mycobacterium tuberculosis – causes TB (tuberculosis).

  Salmonella – causes gastroenteritis or food poisoning. (A – any one)

 c.  Decomposers feed off dead or decaying matter, whereas parasitic bacteria feed off 
a living host. (A) Decomposers cause no harm, while parasitic bacteria harm the 
host. (M)

 d. i. 

Time

A

B

C
D

Population growth curve of bacteria

(A)
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  ii.  Bacteria reproduce by binary fission. This means that they grow and then 
divide into two. (A) If there is sufficient food, water, space and appropriate 
temperature, many species of bacteria will reproduce every 20 minutes.

    In the first part of the curve (A), there are no restraints on reproduction (plenty 
of food, no toxic wastes), so each bacterium reproduces at its maximum rate. 
The population increases by the same percentage each hour, and growth 
is exponential. In phase (B), each bacterium is reproducing more slowly 
because food begins to be in short supply and/or wastes begin to accumulate. 
Despite this, the curve continues to get steeper because the decreasing rate 
of reproduction of individual bacteria is more than offset by the increasing 
number of ‘parents’ (a 50% increase in a very large population may add more 
numbers than a 100% increase in a small population). In (C), the decreasing 
rate of reproduction of individual bacteria more than offsets the effect of the 
increasing number of ‘parents’. In (D), the numbers of living bacteria actually 
decrease. (E – link to limiting factors)

3. a. Name of structure Function (what the parts are for)

1 Sporangium The case that contains the spores. When the spores are 
ripe, the case bursts, releasing the spores.

2 Spore This is the reproductive structure of a fungus. A spore will 
germinate and grow into a new fungus.

3 Hyphae Fine threads that grow into the food source, secreting 
enzymes into it so food is digested and can be absorbed 
by the fungus.

  (A – two rows in the table correct)

 b.  Yeast cells ferment glucose, forming ethanol (alcohol) and carbon dioxide (A). The 
carbon dioxide makes bread rise or provides the bubbles in fizzy alcoholic drinks 
such as beer. The ethanol is the alcohol in beer and wine. (M)

4. a. protein coat

DNA or RNA
strand� � � � � � � � � � � (A)

 b.  The virus cannot grow on the bread because viruses need living host cells to 
reproduce and therefore survive. (A) The bread is not alive, and will not provide 
the cellular mechanisms required by the virus to reproduce. (M)

5. a.  How – the loop would have been sterilised by heating (A) to a high temperature /
using a flame (M). Why – since the high temperatures would kill any bacteria on 
the loop (A) that might contaminate the agar / give a false result. (M)

 b.  The agar plates would be stored upside down in a warm place / at around 25°C 
(A). 

   Upside down because if water from respiration builds up on the agar plate, 
pathogenic anaerobic bacteria might reproduce Or

   Warm place because the microbes need warm temperatures to reproduce (but not 
at body temperature, because pathogens might colonise the plates). (At least one 
explanation – M)
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 c. 

        (A)

 d.  The agar plates would be burned (A) so the high temperatures could kill all 
pathogens. (M)

 e. i.  ‘A’ was a control plate (A) to ensure the agar plates were not already 
contaminated. (M)

  ii.  Plates B and C show that warm temperatures are needed for bacterial 
reproduction. There was no bacterial growth in plate C, which had been 
placed in the fridge, compared with some colonies at 25°C. Plate D shows 
that the air in a crowded café contains a lot more microbes than the air in 
an uncrowded laboratory, as the bacterial colony growth from the café was 
greater from the start. Plate E shows that bacteria either cannot reproduce or 
they die in conditions of low pH, since there was no bacterial growth on this 
plate. 

    (A = description of bacterial growth on plates B–E; M = explanations for 2; 
E = full discussion of results for all 4 plates)

6. a.  Edible mushrooms have pink or brown gills and have a creamy white skin that 
peels off easily. (A)

 b.  A mushroom carries out extracellular digestion/secretes digestive enzymes onto the 
substrate that digest the substrate and the digested nutrients are absorbed. (A) The 
nutrients must be small enough to be absorbed into the cells of the mushroom. (M)

 c.  If a spore lands on a suitable substrate under suitable conditions, it will germinate. (A) 
Millions of spores are produced because so many do not land on a suitable substrate 
/ are damaged/destroyed. (M)

 d.  Asexual reproduction requires only one parent (A) so can be a quicker process than 
sexual reproduction (M) / produces offspring that are all genetically identical (A) and 
that are well suited to the current conditions. (M)

 e. Mutualism / both organisms depend on each other. (A)

 f. Warmth, moisture, source of nutrients. (A)

activity 13B: Using micro-organisms (page 189)
1. In the nitrogen and carbon cycles, fungi and bacteria break down dead material (make 

it rot) to release ammonia and carbon dioxide respectively. In the nitrogen cycle, 
additional bacteria are involved in turning ammonia into nitrates, and nitrates into 
nitrogen that is released into the atmosphere. (A) Without these bacteria and fungi, 
nutrients would remain ‘locked up’ in animal and plant tissue and would not be 
available for new tissue. (M)

2. a.  Digested sludge can be used as compost to provide nutrients/fertiliser for plants.
Methane can be used as a source of fuel. (A)

 b. i.  Tank A contains oxygen/air. (A) Bacteria that require oxygen for aerobic 
respiration will grow here. (M)
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  ii.  Tank B contains little or no air/oxygen. (A) Aerobic bacteria will not survive 
or grow in this tank. Bacteria that respire anaerobically will grow in this tank. 
Because there is no oxygen, the rate of breakdown of the sewage will be 
slower in this tank. (M)

3. a.
sporangium containing spores

spores

food

hyphae

  Sporangium –  sac-like structure seen growing above surface on which fungi 
living. Function is production and storage of spores. Height 
above surface aids dispersal of spores, usually by wind.

  Spore   –  genetically identical to sporangium, produced as a result of 
mitosis within sporangium. Spores dispersed (often by wind) and 
if they land on a suitable food source will germinate and grow.

  Hyphae  –  threads that enable fungi to spread. Hyphae secrete enzymes 
into food source that digests food into small molecules that are 
absorbed back into hyphae and provide source of nutrients for 
fungi. This is extracellular digestion. (A)

 b. Yeast produces CO2 gas and ethanol as a result of fermentation.

  Glucose   →   ethanol (alcohol)  +  carbon dioxide       (A)

   In bread-making, carbon dioxide gas used in making bread rise, giving it light/airy 
texture.

   In wine-making, alcohol (ethanol) is the product of fermentation of the yeast. 
(M – links life process to useful functions)

4. a.  Mutualistic relationship (A) where each organism gains something from the other 
organism – the broad bean plant gaining nitrogen, the bacteria gaining food and 
protection. (M)

 b. i.  The bacteria need glucose for respiration (A) so they have sufficient energy for 
life processes. (M)

  ii. Nitrogen is needed for growth (A) as it is a constituent of amino acids. (M)
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Internal assessment activity for sci 1.11
1. Descriptions related to saprotrophic bacteria and fungi (decomposers). 

2.  Specific details depend on the methods chosen, but should include information 
on how composting systems are set up to maximise feeding, reproduction and 
respiration of decomposers – oxygen (except for Bokashi and in-vessel systems), warm 
temperatures, water, range of nutrients. 

3. a. As for 1. above.

 b. Specific details depend on system chosen, but as for 2. above.

 c.  Could include information on reducing waste to landfills and resultant gases that 
are released into the air; leachate from rotting organic waste entering water table; 
valuable land that has to be used for unsightly landfills; money spent on getting 
rid of rubbish (most councils charge for rubbish collection and/or dumping at the 
tip); can use resulting compost in own gardens for healthy plant growth, reduces 
money spent on vegetables/fruit / buying bagged compost.

activity 14a: Food preservation and food poisoning (page 195)
1. a. Any two from each of the following lists. (A)

ways food can become contaminated ways of preventing contamination

•  Bacteria on hands. •  Always wash hands before food 
preparation, especially between 
bathroom and kichen activities.

•  Food stored at temperature not cold 
enough to prevent bacteria from 
reproducing.

•  Store food at appropriate 
temperature.  
 Usually at 4°C or below. 

•  Bacteria transferred by flies, etc. to 
food in display cabinets (e.g. in café, 
dairy, restaurant).

•  Ensure food in display cabinets is 
always either covered or in a closed 
cabinet.

•  Dirty work surfaces, appliances and 
utensils in a kitchen are a source of 
bacteria.

•  Ensure all work surfaces, appliances 
and utensils are thoroughly cleaned 
after use.

•  Bacteria in raw food multiply. If food 
is not cooked for long enough at hot 
enough temperatures, bacteria will 
survive. If the food is then left out 
of the fridge, bacteria multiply as 
cooled food is still warm. The small 
numbers of bacteria food initially 
had are now in numbers large 
enough to cause a problem.

•  Cook food thoroughly. Cover food 
once cooked and refrigerate if not 
being used immediately.

 b.  Bacteria reproduce by binary fission – they grow and split in two. (A) In suitable 
conditions where the environment is warm, moist and there is adequate food and 
space, each bacterium can reproduce in approximately 20 minutes – this means 
that, in a very short time, under suitable conditions, numbers of bacteria increase 
very quickly. (M)
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c. Question can be answered using a number of examples. Choose two examples 
that use quite different methods so something to compare and contrast between 
the methods. Any of the following methods are appropriate – an answer for 
one pair of contrasting methods is provided. Possible methods to compare and 
contrast:

• Freezing.

• Irradiation.

• Bottling, pickling, jam making (e.g. bottled fruit, jam and pickles).

• Canning (e.g. canned fish, fruit, etc.).

• Curing – salting or smoking (e.g. salted meats, smoked fish).

• Drying – e.g. dried fruit (sultanas, apricots, etc.).

   Food can be preserved using freezing – fresh or cooked food sealed in a clean 
container and placed in freezer. Conditions in the freezer are too cold for bacteria 
to reproduce. Another method of food preservation is canning. Food is sterilised 
– i.e. cooked, heating it to temperatures high enough to kill bacteria. Food is then 
placed in hot sterilised cans and sealed in airtight conditions. There are no live 
microbes present in the food or food storage container when sealed so food can 
be stored unopened for a long period of time. In comparison, in freezing process, 
microbes are not destroyed prior to food being preserved, but are unable to 
survive or reproduce in the cold conditions. Once frozen food is brought to room 
temperature or canned food opened (and bacteria in the air contaminate the food), 
there is a limited time that food stays in an edible condition. (A – description of 
two methods; M – explanation as to how each controls bacteria; E – comparison 
or contrast of effectiveness of each method)

2.  a. J – sporangium  K – hyphae (A)

 b.  The hyphae carry out extracellular digestion (A) that changes the chemical 
structure of the food, therefore spoiling it. (M)

 c.  Place the bread in the fridge/freezer (A) as the fungus cannot grow in low 
temperatures/cold conditions. (M)

3.  a.  Ready-to-eat – examples include dairy foods such as cheese, yoghurt, bread, 
pickles, jams. Methods used include chilling (pathogens don’t grow quickly in 
cold conditions), sealing from air (that carries pathogens), pickling in brine or 
vinegar (pathogens can’t live in salty or acidic conditions), cooking in lots of sugar 
(eliminates water so pathogens can’t live in food).

   Ready-to-heat – examples include canned foods such as baked beans, 
microwavable meals. Methods used include canning (foods heated to kill 
pathogens then sealed from air), cooking then sealing from air (cooking kills 
pathogens, sealing from pathogens in air).

   Ready-to-cook – examples include dried and fresh pasta, rice. Methods include 
dehydrating (since bacteria and fungi need water to live), sealing from air (as 
above). 

   (A – descriptions for each method, M – explanations of how treatments eliminate 
pathogens from food)
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 b. i.  Pathogens are present on skin/preparation surfaces and must be washed off 
before food is handled, especially after the food-handler has used the toilet (A) 
because they can be transferred onto food and cause illness. (M)

  ii.  Food, especially meat, must be cooked to a high enough temperature for 
a sufficient time to kill any pathogens present in food (A) because once 
pathogens enter the body they can reproduce and cause illness. (M)

  iii.  Carriers such as flies and cockroaches carry pathogens, on or in their bodies 
(A), that can be transferred to uncovered food and enter the body when the 
food is eaten. (M)

  iv.  Pathogens reproduce at a much slower rate in cold temperatures (A), so 
chilling food in the fridge or freezer extends the time that the food is edible. 
(M)

activity 14B: Disease in plants (page 197)
1. a.  Spores are released when the conditions are best for their germination and 

subsequent growth / if it is too cold, hot or dry, any spores that germinate may 
die (A). On cloudy days, the drying effects of the sun are reduced. Humidity and 
temperature are also higher on cloudy days. The warm temperatures mean the 
enzymes that produce the energy required for germination and growth are at their 
most active. (Two explanations relating environmental conditions to spore release / 
germination / growth – M)

 b.  Parasitic relationship (A) because the fungus takes food from the rice plant, thus 
harming the plant. (M)

 c. i.  The fungal hyphae penetrate the leaf (A) and so are able to absorb the sugars 
that are present in the plant tissue/phloem. (M)

  ii.  The fungus has grown sporangia (A) above the surface of the leaf to release as 
many spores as possible into the air. (M)

 d.   1 – Continuous flooding prevents the fungus growing on the leaf (A) because 
conditions become anaerobic. (M)

   2 – Burning the residue destroys any fungi present and their spores (A) so the 
fungus cannot colonise the next crop of rice. (M)

   3 – The more lush growth there is, the more places there are for the fungus to 
colonise. (A) Many leaves means much photosynthesis producing abundant sugar 
for the fungus to absorb, making it grow even more strongly. (M)

   4 – Weeds may be carriers of the fungus and its spores (A) so removing the weeds 
means it is much harder for the fungus to become established in the crop. (M)

2. a.  Parasitic (A) – the virus gains living cells and genetic material with which to 
reproduce, while the host plant is harmed. (M)
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 b.  Description of reproduction of the TMV, e.g. enters host cell, uses host DNA/
genetic material to make viral genetic material and other structures, e.g. protein 
coat, cell bursts releasing new viruses, host cell dies (A);  plus explanation of 
how virus enters host cells, – e.g. mechanical damage causes damage to tough 
plant cell walls so viruses able to enter plant cells (M) plus explanations related 
to damage to plant as a whole, e.g. damaged cells no longer able to carry out 
photosynthesis / store important substances for the plant so plants cannot grow  
normally as they do not have energy/resources for normal growth and are stunted. 
(E)

activity 14C: antibodies, antigens, lymphocytes and lysozome (page 205)
1. 1B; 2C; 3N; 4F; 5A; 6J; 7O; 8L; 9K; 10M; 11H; 12I; 13E; 14D; 15G.

2. A person will never become immune to the common cold, because the virus that 
causes the common cold mutates very quickly / there are many types of cold virus. (A) 
When a person is exposed to a common cold virus, their body makes antibodies to 
that virus, and, if exposed to that particular strain of the common cold again, would 
have immunity. But, because the cold virus mutates, a person would not be immune 
to a new strain of the virus and therefore it would take time for the body to learn to 
make new antibodies to that specific strain of the virus. (M – reason linked to time 
taken to produce antibodies)

3. a.  Active immunity is achieved when the body is capable of producing antibodies 
against a pathogen. (A) The polio vaccination contains inactive or weakened forms 
of the polio pathogen. These will stimulate the body to produce its own antibodies 
– giving active immunity. (M)

 b.  The child’s body has produced antibodies against measles. (A) This is because, 
having suffered from the disease, the child’s body has produced antibodies specific 
to this pathogen, and retains the knowledge (via memory cells) of how to do this 
very rapidly if infected in the future. (M)

 c.  During pregnancy, the foetus receives antibodies from the mother across the 
placenta. These provide the foetus with passive immunity for diseases that the 
mother has been exposed to. After birth, if the baby is breastfed, this passive 
immunity will continue as antibodies from the mother are found in breast milk. 
During the first months of life, the baby relies on the immunity from the mother. 
As it is exposed to pathogens, the baby starts to make its own antibodies, reducing 
its reliance on the antibodies provided by the breast milk. (A – description of baby 
receiving antibodies either across placenta or in breast milk; M – A plus linked to 
idea that as a result, baby has a high level of immunity; E – M plus idea that baby 
starts to make own antibodies)

4. Examples of the chemical defences include:

 • Tear glands in the eyes – contain an enzyme called lysozyme which kills bacteria.

 • Acid in the stomach destroys pathogens that enter via the mouth.

 • Nose contains mucus which collects pathogens as they enter the airways.

 •  Cilia in the airways beat, moving mucus up the airways until it is either coughed 
out or swallowed. If swallowed, the pathogens within the mucus are destroyed by 
the acid in the stomach.
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 •  Genital openings – in the female, the acidic environment in the vagina prevents 
reproduction of pathogens; in the male, pathogens that enter the urethra will be 
destroyed by phagocytes before reaching the bladder.

  The body openings shown in the diagram all provide potential entry points for pathogens. 
However, at each of these points there are chemical defence mechanisms which destroy 
pathogens at the point of entry, reducing the potential for the pathogens to enter the 
bloodstream via these openings, reproduce, and cause disease. (A – descriptions of three 
features linked to idea of pathogens being destroyed; M – reason given as to how each 
feature results in pathogens being destroyed; E – plus italicised part of sentence, idea that 
destruction of pathogens means they can’t reproduce and cause disease)

5. The answer should be structured as three paragraphs, relating each of the three 
points given in the question to why the human immune system is often unable to 
defend against viral attack. It should include the following points.

 •  A virus consists of genetic material (DNA or RNA) enclosed in a capsule. The 
capsule is covered with a protein coat. This protein coat can change very easily 
as a result of mutation.

 •  When a virus attacks, it takes over a host cell, using the host cell to reproduce 
the viral DNA or RNA and assemble new viruses. The new viruses then explode 
out of the host cell, destroying it. Each new virus then attaches to a new host cell 
and the process continues, causing increasing damage as the number of viruses 
increases.

 •  The virus is recognised by the body as being foreign. Once this happens, the 
immune system will make antibodies that will attack and destroy the virus. The 
antibody produced will be specific to the protein coat of the virus. 

 •  The ability of the body to fight a viral infection is dependent on how quickly the 
immune system responds by making antibodies. If the human has been exposed 
to the same virus on a previous occasion, it will produce the antibodies much 
more quickly, making it easier to fight the infection.

 •  Because viruses can mutate very easily, a new strain with a different protein 
coat is not recognised by the immune system and it takes longer to produce 
antibodies, causing more damage to the human. (A – description of reproduction, 
structure and what is meant by a mutation; M – reasons why body cannot defend 
itself for two of these three features; E – discussion includes reasons for all three 
features of viruses)
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activity 14D: Defence against disease (page 210)
1. a. A pathogen is a disease-causing micro-organism. (A)

b. Many examples could be used – some of these follow. Use named examples 
where possible.

Bacteria Virus Fungi

Useful •  Bacteria such as 
Acidophilus used 
to produce yoghurt 
which is a healthy 
food.

•  Bacteria break 
down wastes in our 
sewerage system.

•  Bacteria break 
down wastes and 
recycle nutrients in 
composting systems.

•  Transgenic bacteria 
are used as vectors 
in the production 
of human proteins 
(such as insulin used 
for the treatment of 
diabetes).

•  Viruses are 
used as vectors 
in gene therapy.

•  Viruses are 
used to 
eradicate 
pests – e.g. 
Myxomatosis 
virus and 
Calicivirus have 
been used to 
reduce rabbit 
populations.

•  Fungi are used to 
break down and 
recycle wastes 
in composting 
systems.

•  Fungi are used in 
food production 
– e.g. cheese, 
bread (yeast), 
brewing (yeast).

•  Fungi are used in 
the production of 
antibiotics such 
as penicillin, 
which can help 
fight bacterial 
infections. 

Harmful •  Bacteria can cause 
disease – e.g. 
Streptococcus causes 
throat infections in 
humans.

•  Bacteria can cause 
food poisoning – 
e.g. Samonella.

•  Bacteria can cause 
food to spoil or rot, 
making it inedible. 

Viruses cause 
disease in humans, 
animals and plants 
– e.g. the common 
cold; chicken pox; 
HIV/AIDS.

Athlete’s foot.

  (A – three out of five cells in table correct)

 c.  Infections are caused by pathogenic micro-organisms. Disinfectants destroy or 
reduce the growth of micro-organisms on surfaces in the house (A); reducing the 
chance of infection through contact between harmful micro-organisms and food 
or hands. (M)

2. a.  Around the wound – heat / increased temperature, swellings, redness/itching, pain.
(A – any two)
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 b.  Inflammation is triggered by damaged cells which release a chemical called 
histamine / plasma leaks from capillaries into the damaged area / phagocytes 
move into damaged area/engulf pathogens / immunoglobulins produced. (A – 
any two responses described) Histamine dilates (increases the diameter of ) the 
blood vessels at the injury site, therefore increasing the blood flow to this site. 
Histamine also attracts white blood cells (lymphocytes and phagocytes) to the 
site. Lymphocytes will produce antibodies which will bind to pathogens at the 
site, making them inactive and preventing them from reproducing and potentially 
causing infection. Phagocytes remove pathogens and non-microbial debris 
via phagocytosis. Plasma also leaks from capillaries at the injury site, causing 
swelling. (M – gives a reason as to how one inflammatory response helps prevent 
spread of pathogens; E – links together three explanations for one inflammatory 
response, answer given is for release of histamine)

3. a.  More than one injection is required in order to stimulate the body to build up 
enough antibodies/memory cells. (A)

 b.  The hepatitis B vaccination contains a weakened or inactive form of the virus/
pathogen. (A) This stimulates the body to produce lymphocytes which will produce 
antibodies that are specific to the virus and memory cells that will retain the 
knowledge of how to produce these if the body is exposed again at a later date. If 
a person who has had the vaccination is exposed to the virus, the memory cells 
will act promptly to produce antibodies which will bind to the viruses, making it 
posible for the viruses to be engulfed and destroyed by phagocytes. This means that 
the antibodies are able to prevent a virus from reproducing to a level high enough 
to cause symptoms of the disease. (M – one explanation for vaccination; E – three 
explanations linked together as a discussion)

4. a. Disease-causing micro-organism. (A)

 b.  i.  Nose – normally cilia and mucus trap pathogens, but not all might be trapped 
if someone inhales many infected droplets, e.g. flu viruses.

    Mouth – normally acidic conditions of the stomach and lysozyme enzyme in 
mouth kill pathogens, but if large numbers are ingested some may enter the 
small intestine and cause illness, e.g. salmonella.

    Insect bites – vectors transmit micro-organisms when they bite; once in the 
bloodstream they are carried around the body and cause illness, e.g. bubonic 
plague.

    Skin – scratch exposes bloodstream to pathogens in soil or surfaces, once 
in the bloodstream they are carried around the body and cause illness, e.g. 
tetanus.

    Reproductive – sexual intercourse can tear the mucous membranes protecting 
the reproductive tract, so pathogens can enter the body and cause disease.

    For each – description of how pathogens can enter the body/how each feature 
normally keeps pathogens out (A), explanations of each with named examples. 
(M)

  ii.  Infection – point at which pathogen enters body; incubation period – time 
between infection and symptoms, when pathogen population increasing; toxin 
– poisonous substance excreted by pathogen; symptom – sign of infection by a 
certain pathogen. (all – A)
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  iii. (A) /passed on to other people. (M) One of the following:

Method of preventing spread (a) Explanation (M)

Isolating infected people So pathogens not inhaled

Washing hands / food preparation 
surfaces / tools

So pathogens not transferred to 
food

Eliminating carriers That can transfer pathogens from 
one person to another / to food

Using a condom / minimising the 
number of sexual partners

In case of reproductive tissue tears 
that could allow pathogens to enter 
the body

 c. i.  When pathogens enter the blood, lymphocytes (white blood cells) recognise 
the pathogens as being foreign and produce specific antibodies that will bind 
to the pathogens. Phagocytes then recognise the pathogens with the antibodies 
bound to them, engulfing and destroying the pathogen-antibody complex. (A – 
description of a response; M – links responses to pathogens as foreign)

  ii.  Lymph nodes are the site where lymphocytes and phagocytes are found in 
large numbers. When an infection enters the body, lymph nodes swell due to 
an increase in the number of lymphocytes and phagocytes. (A) The cut is in 
John’s hand. The lymph nodes in the armpit are closest to the site of the cut – 
therefore, as the infection travels up the arm, it will reach the lymph nodes in 
the armpit first and therefore this is where the response will first be seen and 
pathogens will be destroyed. (M)

  iii.  Tetanus is a bacterial infection transmitted in puncture wounds (such as those 
caused by rusty nails). This means that John is at risk of getting the infection. 
Even if John has been vaccinated in the past, the antibodies provided by the 
vaccination will break down and therefore reduce over time. (A) The new 
vaccination will stimulate the production of more antibody. (M)

5. a.  Form of immunity obtained via injection of ready-made antibodies into the body. 
(A)

   Type of immunity provides short-term protection against disease. 

 b.  The tetanus vaccination provides passive immunity. This means it contains ready-
made antibodies. (A) This vaccination does not provide body with ability to make 
tetanus antibodies and the antibodies break down after time, therefore vaccination 
needs to be renewed after a period of time. (M)

 c.   Active immunity is gained from being exposed to either the disease or a 
vaccination which contains a form of the disease that has been made harmless. 
When the body is exposed in this way, it responds by making antibodies. (A) 
A memory of how to make these antibodies is retained so that when exposed in 
the future, the antibodies are produced very quickly, destroying microbes before 
they are able to reproduce and cause symptoms of the disease within the body. (M)

 d. i.  B lymphocytes develop into plasma cells that produce antibodies which bind 
to the surface of the virus (antigens), preventing them from entering host cell 
and reproducing. (A)
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  ii.  When antibodies are produced by the lymphocytes, memory cells are 
produced that remain active in the body and ‘on watch’ for the presence of the 
virus in the future. (A) If the virus enters the body in the future, these memory 
cells activate, enabling the body to produce large amounts of antibody very 
quickly and destroying virus before it is able to reproduce and cause symptoms 
of the disease within the body. (M) Because of these memory cells, once the 
body has been exposed to an infection such as chicken pox, it is very unusual 
for individual to get disease a second time. (E)

6. a.  Saliva contains enzymes / cilia lining throat / sticky mucus. (A – description of two 
mechanisms)

   The enzymes in saliva can destroy some pathogens / cilia beat to move trapped 
pathogens out of the throat / sticky mucus traps pathogens which can then be 
removed by cilia/coughing. (M – explanation of how each mechanism works)

 b. i. Any of following answers would be acceptable:

   • Storing food covered and in a refrigerator.

   •  Fully cooking food – i.e. the food must be cooked at temperature high 
enough to kill all microbes and all parts of the food must be cooked.

   • Not reheating food after it has cooled.

   • Washing hands after using the bathroom and prior to handling food.

   •  Ensuring all cooking utensils and surfaces kept clean. (A – one method 
described)

  ii.   Any two of following answers acceptable:

• Vomiting.

Note that the answer was given in 
introduction to question.

• Diarrhoea.
• Nausea.
• Fever.
• Stomach cramps. (A)

  iii.   The body could not stop Salmonella from causing food poisoning because 
the bacteria were contained within the food that was eaten. (A) Once inside 
the body, Salmonella bacteria grow and reproduce, producing toxins that 
cause the symptoms of gastroenteritis. (M) If the symptoms are seen in the 
person who ate the contaminated food, this person did not have any memory 
cells that were capable of recognising the bacteria as a foreign antigen that 
the person’s body had previously encountered. (If such memory cells had 
been present, the body would have produced large quantities of antibodies 
very quickly which would have locked onto the outside of the bacterial cells, 
stimulating the phagocytes (a type of white blood cell) to engulf and destroy 
the bacteria.) Antibodies will also neutralise toxins (poisons) produced by 
bacteria which cause the symptoms in a patient. On initial exposure to the 
bacteria, the individual will take longer to make antibodies for this specific 
strain of bacteria; this will increase effect of the infection as the bacteria will 
have grown and multiplied further before antibodies are able to control the 
infection.  (E – link to antibody response)
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 c.  The flu vaccination stimulates the body to produce specific antibodies. This means 
that if the person is exposed to the flu virus, they will have the mechanism to 
produce the antibodies very quickly and destroy the virus before it makes them 
sick. (A)

   The vaccination will only work for the specific strain of the flu virus that it is 
designed for. Viruses mutate rapidly. (M) This means that in one year there may be 
several strains of the flu virus within a community. If people are exposed to a strain 
that is different from the one used in the vaccination, they will not have immunity 
and may well become sick. (E)

Internal assessment activity for sci 1.11
Part a – your plan should allow you to gather fair and valid data about the different types 
of antiseptic soap so you can come to a correct conclusion about the effectiveness of the 
soaps.

Part B

 a.  This will depend on the soaps you used, but you should be able to use the results 
of your investigation, i.e. the size of the clear patch around each soap on an agar 
plate, to describe and explain your results.

 b.  This should be a discussion. You need to include information on:

  •  Why antiseptic soaps might be beneficial – e.g. for people with low immunity 
/ in situations where high standards of cleanliness are required, e.g. hospitals, 
cafés.

  •  Why antiseptic soaps might be harmful – e.g. kill beneficial strains of bacteria / 
people need to build up natural immunity to many common bacteria / bacteria 
may mutate so are resistant to the antibiotic in the soap and therefore to 
medicinal antibiotics.

  •  Justify your opinion – say whether you think these soaps are beneficial or 
harmful and explain why you will or will not use them, using the information 
in your discussion.

activity 14E: Epidemiology (page 215)
1. a.  NZ has the highest incidence of Campylobacter in all four countries (299.7 cases 

per 100 000 people), followed by Great Britain (113.8/100 000 people), and 
Australia and Canada (both 92.5/100 000 people). (A)

 b. Vomiting, fever, diarrhoea containing mucus and pus. (A)

 c.  Run-off of farm effluent (animal wastes) entering streams (A) that are eventually 
used as a source of drinking water for humans. (M)

 d. i.  Finer filters will catch smaller micro-organisms that could enter the drinking 
water and cause disease.

  ii.  There will be no bacteria-carrying wastes entering the streams that become 
people’s drinking water.

  iii.   Animals are carriers of the micro-organisms and can pass the pathogen on to 
humans (indirectly), so this breaks the cycle. (M – all)
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Internal assessment activity for sci 1.11
1.  Depends on the pandemic:

 a.  Identify pathogen responsible for each, describe structure, life processes, how it 
causes illness.

 b. Identify where most likely origin was and suggest how pathogens originated. 

 c.  Describe and explain what was done (or not done) to control each – e.g. vaccines 
or antibiotics, isolation of infected people, preventing travel, etc.

2. Discussion uses information from 1. a, b and c to make multiple links discussing the 
implications of your findings for preventing a recurrence of the pandemic. These could 
involve what actions individuals, medical organisations and/or governments should 
take. For example, quarantine of affected individuals / stringent sterile practices for 
hospitals / screening and containment processes for transport organisations such as 
airlines / strict entry requirements set by government / border controls, etc.

activity 15a: roots and shoots and vegetative reproduction (page 228)
1. 1C; 2J; 3N; 4Q; 5R; 6H; 7G; 8P; 9S; 10B; 11D; 12A; 13E; 14O; 15K; 16M; 17L; 18T; 

19I; 20F.

2. a.  The apical meristem is the region in the tip of the shoot or root where cell division 
(mitosis) occurs. (A)

 b.  Primary growth in the stem is growth in length of the stem, whereas secondary 
growth creates an increase in thickness of the stem. (A)

  The process of primary growth has three stages:

  •  Cell division (mitosis) in the apical meristem (tip of the shoot) – increases 
number of cells. 

  • In the area behind the tip of the stem, cells start to enlarge. 

  •  Once enlarged, cells specialise to form the cells that make up the tissues of the 
stem.  Specialised cells include epidermis (outer cells), xylem and phloem (the 
transport cells), pith and cortex cells. 

   The process of secondary growth follows primary growth – involves laying down 
of rings of tissue in the middle of each vascular bundle.

  •  Cells in the middle of the vascular bundle are called cambium. These cells sit 
between xylem and phloem in the bundle. They divide to produce a ring of 
tissue that joins the vascular bundles.

  •  Cambium cells divide again, producing secondary xylem cells towards the 
inside of the stem and secondary phloem cells towards the outside of the stem. 

  •  In woody perennials (trees and shrubs), each year new rings of xylem and 
phloem tissue are laid down. The xylem tissue forms the annual rings seen 
in trees – one season of the year has more growth. The xylem rings can be 
counted to estimate the age of trees. (M – an explanation related to both 
primary and secondary growth; E – full outline of how either primary or 
secondary growth occurs)

3.  a.  Diagram should show stem growing upwards and root growing downwards. (A)

 b.  Positive gravitropism (can also be called negative phototropism as root grows away 
from light). (A)
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 c.  Why: The plant needs nutrients and water for normal growth and development. (A) 
The nutrients must be absorbed through the roots from the soil, so the roots grow 
down into the soil. (M)

   How: Gravity causes auxin to move to the lower side of the root, where it prevents 
cells from elongating. (A) This means that cells on the upper side elongate more 
quickly than those on the lower side and the root bends downwards. (M)

4. a. Examples of correct answers are:

  • Spider plant – new plant grows at the tip of the stem.
  •  Iris – rhizomes (horizontal stems that grow below the ground) grow out from 

the parent plant. New plants grow from the rhizomes.
  •  Potato – a potato is a stem tuber (swelling from the stem). If left in the 

ground, new stems and plants will grow from each potato.
  •  Dahlias – these are root tubers. New plants grow from the root tubers left in 

the ground after the summer.
  •  Daffodils – grow from bulbs. A bulb is a short stem bearing the swollen bases 

of leaves. The swollen leaves provide energy for a new plant to grow from in 
the spring.

  •  Strawberry – stem runners grow out along the surface of the ground from the 
original plant.

   (A – name of one asexually reproducing flowering plant and name or description 
of method)

 b.  Asexual reproduction is different from sexual reproduction because it involves 
one parent instead of two and asexual reproduction involves no gametes, whereas 
sexual reproduction involves the fusion of male and female gametes; or asexual 
reproduction produces offspring that are genetically identical to the parent plant 
and to one another, whereas sexual reproduction produces offspring that are not 
genetically identical to the parents or to one another. (A – description of either 
asexual or sexual reproduction; M – description of both methods and difference 
between the two pointed out)

 c.  Asexual reproduction in flowering plants produces offspring that are identical to 
the parent plant and one another, and that tend to establish reasonably close to 
the parent plant. This has both advantages and disadvantages.  Your answer should 
include discussion of the following points: 
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Advantages Disadvantages

Lack of variation in asexual 
reproduction. The original parent 
plant must have been successful in its 
environment in order to reproduce. This 
indicates that the identical offspring will 
also be successful in this environment.
As only one parent required, there is 
no need to waste energy producing 
gametes/waste time waiting for 
pollination to occur/no need for another 
parent for cross-pollination.

In a commercial setting, lack 
of variation ensures genetic 
characteristics selected for in the 
parent plant will be present in the 
offspring. 

All plants (both parent and 
offspring) will share the same 
genetic susceptibility to disease. In 
comparison, a sexually produced 
population would have greater 
variation. This variation means that 
each individual plant will not react 
the same way to a particular disease.

Advantages Disadvantages

Asexual reproduction, by methods 
such as runners and tubers, ensures a 
good energy supply to the young plant 
from the parent as the young plant is 
established.
In contrast, seeds are very vulnerable, 
both during dispersal and during 
germination. Once germination starts, 
a young plant has a very limited stored 
energy supply that must sustain it until 
photosynthesis can start. 

As only one parent required, there is no 
need to waste energy producing gametes 
/ waste time waiting for pollination to 
occur / no need for another parent for 
cross-pollination.

Asexual reproduction does not lead 
to wide dispersal of offspring. This is a 
disadvantage as it leads to increased 
competition between parent plants 
and offspring. In contrast, sexual 
reproduction leads to wide dispersal 
and reduced competition. 

   (A – description of two advantages or disadvantages of asexual reproduction;
M – at least one advantage or disadvantage linked to either reproduction or dispersal; 
E – at least one advantage or disadvantage linked to both reproduction and dispersal)

5. The cambium cells are actively dividing cells responsible for growth in the thickness 
of young stems. (A)

6.  Only one parent is required / no sex cells are formed / processes of pollination/
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fertilisation are bypassed / the plant is identical to the parent plant. (A – description of 
an advantage) Time/energy isn’t wasted / if parent successful in current conditions then 
offspring will be too. (M – explanation of advantage)

activity 15B: Flowers, pollination and fertilisation (page 235)
1. 1P; 2L; 3E; 4C; 5A; 6Y; 7W; 8Q; 9J; 10D; 11F; 12K; 13Z; 14G; 15M; 16R; 17V; 18U; 

19B; 20H; 21O; 22X; 23I; 24N; 25T; 26S.

2. a. The hours of daylight/period of day length to which organisms are exposed. (A)

 b.  Spring and summer are when most insect pollinators are abundant and active. 
Flowering requires a lot of energy that is supplied by photosynthesis (A). Since 
the days are long and warm during spring and summer, much photosynthesis can 
occur to produce the energy required. (M)

 c.  i.  Tulips require a period of  low temperatures for flowering to occur 
(vernalisation) (A). In Auckland, air and soil temperatures are not low enough 
(for long enough) for vernalisation to occur, while in Invercargill, they are. (M)

  ii.  A Poinsettia plant is a short-day plant requiring short days for flowering to 
occur (A), i.e. during winter (December in America, July in New Zealand) (M).

 d.  Flowering does depend on air temperature, but photoperiod has a great influence 
as well. (A) Unless valid experiments are carried out that show that changes in 
global temperatures are causing unusual flowering patterns, it is not valid to 
conclude this. (M)

3. a. Letter Name of flower part Function

A Anther. Production of pollen.

B Sepal. Protection of the flower at the bud stage.

C Ovary. Production of ovules, site of fertilisation 
of the ovule, site of development of the 
embryo.

D Ovule. Contains the female gamete (sex cell), 
which, after fertilisation, will develop into 
the seed. 

  (A – any three correct)
 b.  Flower type 1 is insect pollinated, whereas Flower type 2 is wind pollinated. 

(A) The stigma of an insect-pollinated flower needs to be held protected within 
the petals. The insect will be attracted to the colour and/or scent of the flower, 
depositing the large sticky pollen grains that it is carrying, onto the stigma. In 
contrast, the stigma of the wind-pollinated flower needs to be exposed to the 
wind rather than protected, so that as the light pollen from wind-pollinated 
flowers passes in the wind, it will be caught in the feathery structure of the 
stigma of the wind-pollinated flower. (M)

 c.  The pollen grain lands on the stigma; the sugar from the stigma stimulates it to 
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germinate, producing two male gametes. A pollen tube grows down into the 
stigma and style, and then into the ovary, attracted by chemicals produced by 
the egg. (A) The male gamete (sperm) travels down the pollen tube, and once the 
tube reaches the female gamete (egg) in the ovary, the tip of the tube is broken 
down and the sperm can enter and fertilise the egg to make a zygote. (M)

4. a. • Bright/attractive colours.

  • Scent.

  • Nectar.

  • Patterns on the petals.

  • Ability of the flower to look like an insect (mimicry). (A – three correct)

 b.  The flower is wind pollinated. (A) If the male flowers are on the ends of the 
branches, the wind will pick up and carry the pollen effectively. If the pollen is 
released before the leaves appear, there is a higher chance of the pollen reaching 
the exposed female flowers, rather than being caught up in the leaves. (M)

5. a. Wind pollination. (A)

 b.  In the female plant, the stigmas are feathery and hang well outside the small 
petals or in the male plant, anthers also hang outside the petals. (A) This means 
that mature pollen from the anther can easily get blown away by wind and will be 
caught in feathery stigma hanging out of female flower. (M)

6. When a pollen grain lands on the stigma, it germinates, forming male gametes or 
sperm. At the same time, a pollen tube starts to grow from the pollen grain. The tube 
grows down into the stigma and makes its way via the style to base of the ovule. 
Sperm formed travel down the pollen tube and when the tube reaches the ovule, one 
sperm fertilises one egg, forming a zygote. (A) Fertilisation is the process by which 
the nuclei of the male and female gametes (pollen and egg) are united in the ovule 
to form the zygote. The pollen tube provides a pathway for sperm to reach egg for 
fertilisation. (M)

7. Reproduction by seeds is sexual reproduction whereas reproduction by tubers is 
asexual. Sexual reproduction involves the formation of gametes by meiosis and 
therefore produces variation within the population. Variation is important to ensure 
that the population is capable of coping with changing environmental conditions. 
It creates stability in the population. Asexual reproduction, by contrast, is a result of 
mitosis and therefore produces no variation whatsoever in the population. The parent 
plant will be identical to the offspring. The disadvantage is that an entire population 
like this would lack stability as it would not be well equipped (through variation) to 
cope with potential changes in environmental conditions.

  Sexual reproduction by seeds ensures that the offspring plants are distributed well 
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away from the parent plant, reducing competition for resources and increasing 
the spread of the population. This is achieved by the dispersal of the seeds after 
pollination and fertilisation. Asexual reproduction by the tubers will not spread the 
offspring plants as far from the parent plant as sexual reproduction will, as the tubers 
are all attached by stems to the parent plant. This will increase the competition for 
resources around the parent plant and potentially limit the growth of the plants. 
(A – description of two advantages or disadvantages of either seeds or tubers to plant;
M – explanation of one advantage or disadvantage of either seeds or tubers,
E – advantages or disadvantages related to both seeds and tubers outlined)

activity 15C: Germination and seed dispersal (page 243)
1. 1N; 2F; 3J; 4H; 5A; 6L; 7C; 8I; 9D; 10G; 11M; 12O; 13K; 14B; 15E.

2. A fruit contains/disperses seeds / develops from a flower. (A) Both pumpkins and 
lemons are fruit as both have developed from the enlarged ovary of a flower, which 
matures into a fruit that disperses/contains seeds. (M)

3. a. Storage of food. (A)

 b. Water, warmth and oxygen. (A)

 c.  Tough testa/cotyledons or endosperm/dehydrated/micropyle. (A – one feature 
named or described). Testa is a tough impermeable coating around seed that 
protects seed/prevents germination until enough water present / cotyledons provide 
energy source for dormant seed until first leaves can photosynthesise / dehydrated 
so metabolic activity very low, just enough to sustain life but maintain dormancy / 
micropyle allows oxygen to enter seed so some respiration can still occur. 
(M – explanation for one feature)

4. a. i. The ovary of the flower swells and develops into the pea pod.

  ii.  The pea seeds develop from the fertilised ovules that are within the ovary. 
(A – i. or ii. correct)

 b.  Flowering plants use fruit to enable seeds (which will develop into the next 
generation) to be dispersed. (A) Fruit such as the pea pod is eaten, and seeds are 
dispersed in the droppings of animals. This means that the seeds are dispersed 
away from the parent plant, reducing competition for space, light and nutrients 
with the parent plant. (M)

5. a. i.  The radicle (young root) grows towards gravity. This helps to anchor the roots 
in the soil. The plumule (young shoot) grows away from gravity. This helps to 
bring the shoot up to the surface as quickly as possible. 

  ii.  Once the plumule (young shoot) reaches the surface, it will grow towards 
the light, unfolding and lifting the leaves/cotyledons upwards. Once in the 
presence of light, the young leaves/cotyledons turn green and photosynthesis 
starts. (A – both i. and ii. needed)

 b.  The carbohydrate store provides energy required for germination/growth (A) 
because the seedling cannot produce energy by photosynthesis until the first 
leaves have emerged from the soil. (M)

 c. Both gravity and light are important for successful early seedling growth.
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   No matter how the seed is positioned in the ground, the radicle (young root) 
will grow downwards, towards gravity, and the plumule (young shoot) will grow 
upwards, against gravity. By growing towards gravity, the root is able to anchor 
firmly in the soil and locate water and nutrients. By growing against gravity, 
the shoot reaches the surface – this is essential as the seed has only a limited 
carbohydrate store to provide energy for growth for the seedling in the initial 
period when it is underground.

   The shoot emerges with the bent hypocotyl coming out first to protect the 
cotyledons. The hypocotyl responds to light by unfolding, lifting the cotyledons 
up to the light. This allows leaves to absorb light, as a result of which they turn 
green, enabling them to start photosynthesising. This provides energy for growth. 
The young shoot will now grow towards light, which will help it avoid competition 
from surrounding seedlings. (A – no ‘Achievement’ opportunity in this question; 
M – gives a reason for importance of either light or gravity; E – outlines two things 
related to the importance of both light and gravity for seedling growth)

6. a.  Animal – eating the berries and dropping the seeds after they have travelled 
through the digestive system.

 b.  Animal – hooks on seeds would allow seeds to stick to skin, feathers, coats of 
animals. Seeds would be deposited when brushed off the animal coat/skin.

 c.  Wind – structures on seeds allow them to travel easily in the wind.

   (A – need to explain difference between animal dispersal in Groups A and B; not 
adequate to simply put ‘Animal’ for each)

7. a.  The seed consists of a hard protective coat called the testa within which is the 
embryo (D). The cotyledons (A) provide stored energy for growth. The embryo is 
made up of the radicle (C) which will form the first root when the seed germinates, 
and the plumule (B) which will form first shoots and the cotyledons. (A)

 Question says to include names of parts indicated by letters A to D in your 
description – thus need to do more than just name the parts.

 b. Any one of the following would be an adequate answer:

  A Cotyledon –  provides food supply for seed once it germinates and before 
young plant able to provide food via photosynthesis.

  B Plumule  –  first shoot; will push hook-shaped stem tissue upwards out of 
the ground after the radicle has established the first root – as it 
pushes out of the ground, it lifts cotyledons (seed leaves) with it.

  C Radicle  –  first root; is first part of seed to emerge from the testa, growing 
down into the soil to provide anchorage and water for the young 
seedling. (A)

8. Three environmental factors required for seed germination are moisture, oxygen and 
warmth (or more correctly, a suitable temperature – exact temperature depends on 
species). (A – identifies or describes all three factors)

  When a seed germinates, it is breaking a period of dormancy where there has been 
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no metabolic activity. In the last phase of development of the seed, it dehydrates 
and the embryo stops growing. When the seed germinates, it takes in water so food 
store contained in the cotyledon can be used to provide source of energy for embryo 
to grow again – cells are again becoming active and for this to happen, cellular 
respiration will need to be activated in cells of the seed. This is why oxygen is 
required.

    oxygen  +  food   →   energy  +  carbon dioxide  +  water

  Warmth is required to enable respiration to take place. If the temperature is too low, 
chemical reactions involved in cellular respiration will be far too slow and the embryo 
will not get the energy required to grow.

  Soil and sunlight are not required for germination because the food source for 
germinating the seed is contained within cotyledon of the seed. Soil and sunlight only 
required once seedling has established its first leaves above the ground. At this point, 
sunlight is required for photosynthesis and soil is required to provide minerals needed 
by the plant as it grows. (M – explanation for each factor needed for germination; 
E – both parts of the question must be correctly addressed, three factors needed for 
germination and soil and sunlight needed after germination)

9. a. i.

stigma
style
ovary

Carpel
(     )

anther
filament(     )

Pollen grain transferred from a
flower to a flower on another plant

Stamen

  (A)

  ii.  Fertilisation is process by which male and female gametes (sex cells) fuse 
to form a zygote (fertilised egg). In sexual reproduction, joining of gametes 
doubles number of chromosomes in the cell, creating a 2n zygote from two 
different parents. (A)

  iii.   Wind-pollinated flowers need to produce large quantities of smooth, light 
pollen, whereas insect-pollinated flowers produce smaller quantities of rough, 
sticky pollen. (A – describes difference between two types of pollen)

    Pollen produced by wind-pollinated flowers is light and smooth so it can travel 
long distances in the wind. Large volumes of this pollen are produced because 
the process of pollination by this method is random (since much of the pollen 
does not reach its destination). Pollen produced by insect-pollinated flowers 
is rough and sticky because it needs to attach easily to insects that transfer 
pollen from flower to flower. This method of pollination is less wasteful, 
therefore there is not the same need to produce large volumes of pollen – a 
larger proportion of the pollen reaches the intended destination.   (M – also 
explanation)

 b. An example answer follows.
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  Fruit 1: Apple – a fleshy fruit.

  Fruit 2: Dandelion – dry fruit.

   An apple is a fleshy fruit dispersed by animals. Structure and features that 
encourage animal dispersal away from the parent plant are:

  • bright-coloured fruit to attract the animal

  • succulent, sweet flesh easily eaten and digested

  •  an indigestible seed that travels through the intestine of the animal and is 
dropped from the animal ‘at the end of the journey through the alimentary 
canal’ at some distance from the plant. 

   A dandelion is a dry fruit dispersed by the wind. Structure and features that 
encourage wind dispersal are:

  •  feathery hairs that increase the surface area of the fruit and enable it to travel 
long distances in the wind

  •  lightness of the fruit – enhances the ability to travel long distances from the 
parent plant in the wind.

   It is to the advantage of the seed to be dispersed at a distance from the parent 
plant so that once germinated, the seedling is not competing with the parent plant 
for resources. Both fruits provide mechanisms that are appropriate to the means 
of dispersal used by the plant. For the apple, the key feature is the attractiveness 
of the fruit to the animal that will disperse it. For the dandelion, the key feature is 
the lightness and ability of the fruit to travel in the wind. These are very different 
features and demonstrate the way in which each plant is adapted to the specific 
requirements of its life cycle. (A – descriptions of structures or features for both 
types of fruit; M – explanations related to structure or features for one type of fruit; 
E – structures or features for both types of fruits compared and contrasted)

activity 16a: Leaves and photosynthesis (page 255)
1. 1N; 2E; 3M; 4L; 5G; 6J; 7D; 8K; 9C; 10A; 11F; 12I; 13H; 14O; 15B;

2. a. Oxygen and water. (A)

 b.  Answer for either cell layer 1 or cell layer 2. 

   Cell Layer 1 – The palisade mesophyll cells are long and thin, with large numbers 
of chloroplasts close to the edge of the cells. (A) This means that the CO2 does not 
have to penetrate deep into the cell to reach the chloroplasts where it is used in 
photosynthesis; thus the efficiency of photosynthesis is increased. (M)
OR:

   Cell Layer 2 – The spongy mesophyll cells have large air spaces between them. (A) 
CO2 diffuses into the leaf and because of the large air spaces in this layer, and the 
short distance the CO2 has to travel (the leaf is very thin), diffusion is efficient – 
meaning efficient photosynthesis. (M)

3. a.  Guard cells are kidney-shaped cells that
have a thickened inner wall. 
The small space between the inner 
walls of a pair of guard cells is 
the stoma. (A)  

thickened inner wall

guard cells stoma

 b.  When a plant has a plentiful water supply, the guard cells absorb water. Because 
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the inner wall is thickened, when guard cells absorb water they bend, increasing 
the size of the stoma. The increased pore size allows more CO2 to enter the leaf. 
CO2 is required for photosynthesis; therefore, when the stomata are open, the 
rate of photosynthesis increases because there is more CO2 available. When the 
plant lacks water, water is lost from the guard cells, reducing the size of the pore. 
This in turn reduces the amount of CO2 entering the leaf and therefore reduces 
the rate of photosynthesis. (A – description of how CO2 availability alters rate of 
photosynthesis; M – explanation includes how water availability affects guard 
cells)

4. The results of the experiment show that both light and chlorophyll are necessary for 
starch production in a leaf. (A)

  Chlorophyll is required to trap the light energy required for photosynthesis. Light 
is required to provide the energy that is necessary to produce starch by means of 
photosynthesis. (M)

  The white part of the leaf has no chlorophyll. The green part of the leaf has 
chlorophyll. The green part of the leaf turned black when tested for starch, whereas the 
white part did not. This proves that chlorophyll is required for photosynthesis, which 
produces the starch.

  The part of the leaf that had been covered in cardboard, stopping light reaching it, did 
not produce starch. The green part of the leaf that had been exposed to light produced 
starch. This proves that light and chlorophyll are required together to produce starch. 
(E)

5. a.  Palisade mesophyll cells are the long, rectangular-shaped cells positioned just 
beneath the upper epidermis (top layer of small rectangular cells).  Label cells on 
diagram to reinforce answer.  Palisade mesophyll cells are tall and thin with large 
central vacuole. Chloroplasts are arranged around outer edges of the cells (shown 
as clear circles in diagram). Nucleus can also be seen in diagram as a small black 
circle, also found near cell wall. (A)

 b.  CO2 enters leaf via the stoma on the underside of the leaf and diffuses into 
the palisade cells / chloroplasts. (A) This diffusion occurs because the CO2 
concentration is greater outside the cells than inside / long rectangular shape of 
palisade cells means there is a large surface area to volume ratio for diffusion / the 
chloroplasts are located close to the inside of the cell wall so diffusion distances 
are short.  (M)

 c.  Shape, structure and position of a leaf can all affect rate of photosynthesis. Ability 
of the leaf to capture sunlight is important. This can be affected by all three factors.
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   If the leaf shape provides a large surface area, this increases amount of sunlight the 
leaf is exposed to. The need for large surface area for trapping sunlight has to be 
balanced with the ability of the plant to maintain adequate water, not losing too 
much by transpiration. Plants exposed to high winds and/or high light intensities 
are prone to high rates of transpiration, meaning loss of water. If leaf shape is 
kept small and narrow (such as pine needle or long narrow leaf shown in the 
diagram), the rate of transpiration can be reduced, while, due to the high levels of 
sunlight exposure, adequate light is given for good rate of photosynthesis. A thin 
leaf (from top to bottom) also increases rate of photosynthesis as sunlight does not 
have a great distance to travel to the mesophyll cells. Leaves that do not get much 
exposure to sunlight (e.g. those found in lower layers of a forest) tend to be larger 
to maximise exposure to available light.

   The structure of the leaf is such that there is a transparent cuticle over the 
epidermis to allow sunlight to travel straight through this layer to the mesophyll 
cells, which contain chloroplasts. Chloroplasts are contained within both palisade 
and spongy mesophyll cells, which make up the layers under the epidermis. 
These cells all contain a large central vacuole with the chloroplasts occupying the 
space closest to edge of the cells. This structural adaptation enables light to reach 
chloroplasts. Most of stomata are on underside of the leaf. This adaptation enables 
plant to have high exposure to sunlight on top side of leaf and not lose excess 
water via transpiration, as a result of position of stomata. Stomata are also essential 
for diffusion of gases required for photosynthesis into and out of the leaf.

   The position of leaves can also be maximised for sunlight exposure. Leaves are 
arranged so they are spread out from each other, not covering each other, as in 
the first set of leaves in the diagram. This enables all leaves on plant to get good 
supply of sunlight for photosynthesis. (A – descriptions related to each of the three 
features, may be linked to photosynthesis; M – explanations related to two of the 
three features; E – discussion includes linked descriptions and explanations for two 
of the three features related to maximising photosynthesis)

activity 16B: How plants feed (page 259)
1. Light energy is required for photosynthesis. Light is absorbed by chloroplasts, and the 

energy from the light is used to drive photosynthesis. Both the colour and the amount 
of light influence the rate of photosynthesis.

  When white light (which is made of all the colours) strikes a chloroplast, green light 
is transmitted and all red and blue light are absorbed. This is what makes the leaf 
green. If green light were to strike the leaf, all the light would be transmitted and 
none would be absorbed. This would produce a very low rate of photosynthesis due 
to lack of energy. Red and blue light produce high rates of photosynthesis as all the 
light is absorbed by the chloroplasts. Increasing the intensity (or amount) of light 
also increases the rate of photosynthesis. When there is more light, more energy 
is absorbed by the chloroplasts, providing more energy to drive photosynthesis. 
However, this only happens up to a point as other factors (such as CO2) become 
limiting (i.e. in short supply), after which the photosynthetic rate will not increase. 
(A – descriptions related to colour of light and intensity of light; M – explanation 
of either colour or intensity; E – discussion of how both colour and intensity affect 
photosynthetic rate)
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2. a.  When the light intensity is low, photosynthesis is slow. As the light intensity 
increases, the rate of photosynthesis increases until it reaches a plateau (flattens 
out); at this point, the rate of photosynthesis is no longer increasing, despite the 
fact that light intensity is increasing.  The flat section of the graph is described as a 
plateau. At this point, there must be other factors required for photosynthesis that 
are limiting the rate of reaction.  (A – describes what is happening in sloping and 
flat sections of the graph)

 b.  In the flat section of the graph, the rate of photosynthesis is not increasing any 
further due to limiting factors. (A) These could be:

  •  availability of carbon dioxide – there is insufficient CO2, meaning that the 
rate of photosynthesis cannot increase any further

  •  number of chloroplasts available for the reaction. Photosynthesis takes place 
in the chloroplasts. Once all the chloroplasts are operating as fast as possible, 
increasing light intensity will not increase the rate of photosynthesis.

   (M – identifies one limiting factor and explains why this factor would limit the 
rate of photosynthesis) 

thickened inner wall3. a.   The inner wall of the guard cell is thickened with
cellulose. When the guard cell is turgid, the inner 
wall does not expand, making a ‘kidney-bean 
shape’ that creates the pore that is the stoma 
when the cells are turgid.  (A)

 b.   Stomata allow carbon dioxide, CO2, and oxygen gas particles to pass into and 
out of the leaf. (A) This is important for the process of photosynthesis – carbon 
dioxide that diffuses into the leaf is used as a raw material in the process of 
photosynthesis.

   (M – link stomata allowing CO2 into the leaf with the fact that CO2 is required 
for photosynthesis)

 c.  Photosynthesis can be summarised by the equation:

carbon dioxide + water
chlorophyll

glucose + oxygen
light

   The rate of photosynthesis is dependent on availability of water, carbon dioxide, 
chlorophyll and sunlight. In addition, as a chemical reaction, the rate of 
photosynthesis will increase, to a point, with increased temperature.

   A combination of hot, dry, windy weather conditions increases rate of transpiration 
in the plant as water is evaporated more quickly from stomata on the surface of 
leaves in these conditions. As a result of this, the stomata may close, reducing the 
supply of CO2.

The hot, dry, windy conditions should make you immediately think about 
increased evaporation and therefore increased transpiration and loss of water.

   (A –  describes that rate is dependent on some or all factors listed; M – explains 
effects of either temperature, wind or lack of water on the rate; E – must 
comment on combination of weather conditions)
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activity 17a: How organisms depend upon one another (page 275)
1.  1K; 2E; 3S; 4H; 5D; 6M; 7F; 8J; 9Q; 10C; 11G; 12A; 13N; 14B; 15O; 16T; 17L; 18I; 

19R; 20P.

2. W = plants (all energy arrows lead away from W); X = herbivores; Y = carnivores; 

 Z = decomposers (receive matter and energy from all the other organisms).

3.  Decomposers, since they can continue to feed on the dead bodies of all the other 
organisms.

4. Plants provide shelter – e.g. holes in trees, crevices in bark, camouflage, nesting 
places. 

5. a. Plants depend on heterotrophs for inorganic raw materials such as CO2, minerals. 

 b.  Plants depend on insects for transfer of pollen and dispersal of seeds and fruits.


