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Activity 1A: Practical investigation

1. For each of the following seven possible investigations, decide whether or not the investigation would be appropriate or 
not appropriate to meet the requirements for AS91601 (Biology 3.1). Explain each answer.

 a.   Under which coloured light (blue, green, yellow, red) the greatest number of slaters is found.
 b.  The rate of movement of slaters over a range of temperatures.
 c.   The density of mangrove pneumatophores (aerial roots) in dry, damp and wet substrates.
 d.   The percentage germination of tomato seeds in rocky, sandy, muddy and clay substrates.
 e.  Mud crab distribution from estuary high-tide mark to low-tide mark.
 f.  The respiratory rate of the mud crab in a range of salinities.
 g.  The growth rate of oxygen weed in a range of pH values.
2. A possible investigation to meet the requirements of AS91601 (Biology 3.1) is to investigate whether there is a relationship 

between the density of the pneumatophores of mangroves and the amount of water saturation of the substrate that the mangroves 
inhabit.

pneumatophores

  Describe what type of information you will need about the ecological niche of the mangrove before you can begin the 
investigation.

3. Consider the following possible investigations. Using your biological knowledge, write a suitable hypothesis for each.
 a. The respiratory rate of the mud crab over a range of salinities.
 b. The rate of movement of slaters over a range of temperatures.
 c. The rate of photosynthesis of oxygen weed (Elodea) over a range of light intensities.
 d.  The density of mangrove pneumatophores in a range of water saturation of the substrate of the intertidal shore.
4. The following investigation is for a fair test.

1. Investigation 1 – A fair test
Information relating to the organism: Daphnia are small crustaceans that exist in still bodies of 
water containing lots of algae and other microscopic matter that they can eat. Several species 
have translucent exoskeletons, through which the beating heart can be easily seen. Daphnia
are ectothermic, meaning that their body temperature, rate of heartbeat and other metabolic 
processes depend on the ambient water temperature. They are tolerant of water temperatures 
of between 1 °C and around 38 °C; above 38 °C, the enzymes that catalyse metabolic 
reactions denature, and the organism dies.

Hypothesis: That the rate of heartbeat of the water fl ea Daphnia will increase as water 
temperature increases.

Method
• Obtain a culture of Daphnia. Maintain under normal conditions until the start of the 

experiment.
• Place some water in a cavity slide. Place the cavity slide under a microscope at a suitable 

magnifi cation.

A cavity slide is a glass slide with a small depression in it. A suitable magnifi cation will have been established prior to the 
investigation.

• Using an eye-dropper, carefully place a single Daphnia into the cavity.
• Count the number of heartbeats for 10 seconds. 
• Add a drop of boiling water into the water in the cavity slide. Then, using an eye-dropper, carefully place a single Daphnia into 

the cavity.
• Count the number of heartbeats for 10 seconds. 
• Repeat, adding a drop of iced water into the water in the cavity slide.
 a. Name the following:
  i. the independent variable
  ii. the dependent variable
  iii. other key variables.
 b.  This investigation is not valid and does not meet the requirements of AS91601 (Biology 3.1) – explain why.
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5. Identify the type of data (quantitative or qualitative) for each of the following. 
 a.   A scale of the observed respiratory rate of mud crabs, where 1 = Very slow, 2 = Slow, 3 = Normal, 4 = Fast, 5 = Very fast.
 b.  Mean number of seeds.
 c.   The fl ight direction (N, S, E or W) of birds released from a cage.
 d.  The number of birds that fl ew in each direction (N, S, E or W) after release.
 e.  The average width of mussel shells over a range of size classes.
6.  For each of the following investigations, describe the data that will be collected (the actual measurements that will be made).
 a.   The phototactic response (‘directional movement with respect to light’) of slaters in different light intensities.
 b.  The rate of movement of slaters in a range of temperatures.
 c.  The respiratory rate of mud crabs in a range of salinities.
 d.  The average dry mass of pea plants after 2 weeks.
 e.  The transpiration rate of mangrove stems in distilled and fresh water.
7.  The following raw data were collected for the investigation into the density of mangrove pneumatophores and recorded in a 

logbook. Three transect lines were used to collect the data. Put the data into a table that enables the pattern in the data to be seen.
  Distance   0 m 1 m 2 m 3 m 4 m 5 m 6 m

from low tide

 Number    256, 301, 246       311, 356, 307        407, 389, 411         477, 490, 446         567, 501, 533      555, 598, 564      613, 599, 645

8.  The following raw data were collected relating to an investigation into the relationship between the diameter of the stalk (or stipe)
of a large brown seaweed and the plant’s dry weight. Arrange the data into a table so that any trend or pattern in the data can be 
seen.

stipe

    

Stipe           0.5  0.3  0.4  19.2  0.8  0.7  22.5  1.6  1.4  2.5  1.0  20.8  2.7  3.0  23.8  13.0  14.3  22.6  22.8
diam (mm)

Plant dry   2.0  1.6  0.6  14.3  2.5  3.3  14.6  3.0   5.5  5.5  6.4  14.1  6.8  8.1  15.5  12.0  13.0  15.3  14.6
mass (g)

9.  A student carried out an investigation into the water content of pōhutukawa and mangrove leaves. The student gathered the raw 
data, consisting of fresh and dried masses of fi ve samples of each type of leaf, recording it in the following table.

Pōhutukawa Mangrove

Fresh Dry

Mangrove Pōhutukawa Mangrove Pōhutukawa

1 53 45 27 15

2 44 67 34 55

3 38 37 31 26

4 54 39 42 25

5 28 36 19 26

 Describe three improvements the student needs to make to the table so that any trends in the data can be seen.
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10.

Distilled water Salt water

Mangrove transpiration rate 
(mL/cm2/day)

Mangrove transpiration rate 
(mL/cm2/day)

0.023 0.042

0.014 0.036

0.040 0.050

0.028 0.047

0.017 0.033

0.022 0.045

 a. Calculate the mean for each of the two variables distilled water and salt water.
 b. Write a sentence comparing the two means.
11. The following raw data were obtained from an investigation into the respiration rates (breaths min–1) of crabs in a range of water 

temperatures.
 a. Using the information in the table, calculate the means for the data for each water temperature.

Water temperature (°C)

10 15 20 25 30

Crab 1 6 6 8 11 12

Crab 2 7 6 9 9 11

Crab 3 5 8 9 11 13

Crab 4 7 7 8 12 14

Crab 5 6 5 6 8 10

Crab 6 7 8 7 11 12

Crab 7 5 7 7 11 13

 b. Write a sentence comparing the means for the rates of respiration to the change in water temperature.
12. The following data are for the average live weight of two groups of 45 lambs in an investigation into drenching practices to 

control internal parasites. One group was given ‘curative’ drenching while the other received ‘preventative’ drenching.

Month ending in:

Average live weight (nearest kg)

‘Curative’ ‘Preventative’

December 19 19

January 24 25

February 23 25

March 25 29

April No data No data

May 30 34

June No data No data

July 32 37

August 32 38

 a.  Draw the most appropriate graph for the data.
 b.  Explain why you drew this type of graph.
 c.  Predict the live weights of the two drench groups in April and June. 
 d.  Describe the trends seen in the data as shown by your graph. 
 e. Describe the type of graph you could draw of the means of the data. 
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13. An investigation into the height of plants after the 
application of two types of fertiliser compared with no 
fertiliser (control group) yielded the data shown.

 a.   Draw the most appropriate graph(s) for the data.

Height of 
plants (m)

Number of plants in each fertiliser group

Control Fertiliser A Fertiliser B

0.75–0.84 1 0 1

0.85–0.94 0 0 0

0.95–1.04 1 0 0

1.05–1.14 0 0 2

1.15–1.24 0 1 0

1.25–1.34 2 0 5

1.35–1.44 0 2 0

1.45–1.54 3 5 2

1.55–1.64 0 3 0

1.65–1.74 2 0 0

1.75–1.84 0 1 1

1.85–1.94 0 0 0

1.95–2.04 1 0 0

2.05–2.14 0 0 0

2.15–2.24 1 0 0

 b.  Explain why you drew this type of graph(s).
 c.  Describe any trends that are shown by the graphed data.
 d. Describe why the data collected may not be a true indication of the effects of the fertilisers.
14. The graph shows the results of an investigation into the effect of clumping in slaters 

on the water loss of individual slaters under ambient classroom conditions. The drop in 
weight of 10 isolated slaters was compared with that of 10 slaters allowed to clump 
together in a group. 

Time (mins)
0 15

0.040

0.060

0.080

0.100

0.120

0.140

0.160

0.180

30 45 60 75

Average slater 
weight (g)

clumped slaters
isolated slaters

Effect of clumping on water loss in slaters

 a.  Describe the slopes of the two lines.
 b.  Describe the trends in the two sets of data as shown by the graphs.
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15. An investigation was carried out into how the territorial defence of male mice is affected by the physical structure of the habitat 
(dominant male mice are territorial). Three types of experimental enclosure were used:

Open enclosure

Entrance

Complex enclosureWall enclosure

House bricks

Food/water hopper

Nestbox

 a.   In the fi rst experiment, the male 
mice were released individually 
and given a choice between two 
types of enclosure. The results 
are shown in the graph.

Enclosure type

Complex ComplexWall WallOpen Open

Number of 
times recorded 
in enclosures

5

10

15

20

  i.  Write a hypothesis for this investigation.
  ii.  Identify the type of graph drawn and explain why this type of graph was used.
  iii.  Describe any patterns (in terms of mouse behaviour) seen in the results as shown in the graph.
 b.   In the next experiment, a foreign male mouse was introduced into the enclosure after a male had been resident for 48 hours. 

The number of times: 
  •  the resident mouse attacked the foreign mouse was recorded 
  •  the resident mouse lost (i.e. could no longer see) the intruder was recorded.

Enclosure type

Complex

1

2

3

4

WallOpen

1

2

3

4Resident 
attacks/

min

Enclosure type

Complex

40

20

60

80

100

WallOpen

Encounters 
in which 

resident lost 
intruder (%)

40

20

60

80

100

   Describe the effect that enclosure type had on the two types of interaction and suggest an explanation for each by 
considering: 

  i.  number of times the resident mouse attacked the intruder
  ii.  number of times the resident mouse lost (couldn’t see) the intruder.
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16. Loggerhead turtles come ashore and lay their eggs in nests, which they cover with sand. When the eggs hatch, the hatchlings 
dig out of the sand and head for the open sea. Hatchling turtles usually move away from the nest at night. Hatchling turtles were 
studied in a series of experiments using a circular clear container in which the base could be fl at or sloped.

fl at base sloped base

 a.  Experiment 1
   Twenty-four hatchlings were put in the centre of the container. One side of the container (the upper half of each circle in 

Fig. 1 that follows) was more brightly lit than the other. The light coming through the dim side was varied from 0% (A) to 50% 
(D) of the light shining through the brightly lit side. The direction in which the hatchlings moved and the distance moved after 
a fi xed time were recorded on a circular chart by lines. The results of the experiment are shown on the charts in Fig. 1.

Bright side

Dim side

0% 
light

A

35% 
light

C

10% 
light

B

50% 
light

D

Fig. 1

  i.  Write a hypothesis for this experiment.
  ii.  Describe the patterns seen in the data as shown by the charts in Fig. 1.
  iii.  Write a valid conclusion for this experiment.
 b.  Experiment 2

The same number of hatchlings were put in the 
centre of the container. This time the base was 
sloped down at an angle of 8°, fi rstly towards 
the brightly lit half and then towards the dim 
half of the container. The results are given in 
Fig. 2.

Down, bright Up, bright

Up, dim Down, dim

Fig. 2

  i.  Write a hypothesis for this experiment.
  ii.  Describe the patterns seen in the data as shown by the charts in Fig. 2.
  iii.  Write a valid conclusion for this experiment.
17. An investigation was carried out to see if the dominant males of the Australian brush tailed possum breed more successfully than 

the subordinate males.
 Wild adult possums were caught and divided into two experimental groups.
 • Group A – 5 pens, each with one male and two females.
 • Group B – 12 pens, each with two males and two females.
  The dominant male in each Group B pen was established through observation. Once this was established, seven of the dominant 

males were vasectomised (sterilised) along with two of the males in Group A. This occurred four months into the nine-month 
breeding season. Female possums can become pregnant many times in one breeding season. The number of pregnancies over the 
breeding season was recorded. The results are shown in the table.
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Group

Average number of pregnancies per pen

Pre-treatment Post-treatment

Non-vasectomised 
pens

Vasectomised pens Non-vasectomised 
pens

Vasectomised pens

A 0.65 0.5 1.3 0.0

B 0.2 1.7 1.2 0.0

 a. Write a hypothesis for the investigation.
 b. Draw two graphs to display the data – one for Group A and one for Group B.
 c. Describe two patterns shown by the graphs.
 d. Write a valid conclusion for the investigation.
18. A student wrote the following discussion in an investigation into the preferred environmental temperature 

of slaters.
   There were very few slaters in the chambers with the higher temperatures of 30 °C and 40 °C. This is because the temperature was too warm 

and the slaters were prone to desiccation in the warmer temperatures. In the cooler temperatures of 0 °C and 10 °C, there were a lot more 

slaters. The slaters are less prone to desiccation in these temperatures, which are closer to those found in their natural habitat. A slater lives 

in cool, dark places due to it being prone to desiccation. Dark places are usually cooler, giving the perfect ecological niche for the slater. If 

slaters lived in warm places, they would eventually die as they would lose too much water. This is why they are restricted to cool places in 

which to live.

  A discussion explaining the biological ideas relating to the investigation is a requirement for ‘Achievement with Merit’. Give 
reasons why this discussion is not acceptable (i.e. the investigation does not meet the standard for ‘Achievement with Merit’).

19. The following is an example of an evaluation of reliability, as written in an investigation report.
   I realise there were a few problems with my investigation. Initially, there were too many uncontrolled variables. After several trials, I 

was able to eliminate as many of these as possible. But, there may still have been some slight variation in humidity or light intensity 

throughout the investigation that may have affected my results. I tried to keep the slaters in a habitat that was close to their natural one, 

but this might have been slightly different to what they were used to and may have affected their behaviour.

  An evaluation of the reliability of the data is a requirement for ‘Achievement with Excellence’. Give reasons why this evaluation is 
not acceptable (i.e. the investigation does not meet the standard for ‘Achievement with Excellence’).
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Answers – Activity 1A: Practical investigation
1. a.   Not appropriate. The investigation is too simplistic, not at NCEA Level 3 Biology. The independent variable is not relevant to the 

organism. An investigation into light intensity could be done, but an investigation into numbers of slaters under each condition 
would, again, be too simplistic. 

 b.   Appropriate. The investigation is relevant to the organism at NCEA Level 3 Biology, as rate of movement (orthokinesis) is to be 
measured. Care will need to be taken with the range of temperatures for M (Merit) and E (Excellence).

 c.   Not appropriate. The range is not adequate and too simplistic (dry, damp, wet). Pneumatophores are not found in dry substrates. 
If the range was appropriate, then this could be a valid investigation.

 d.   Not appropriate. Range of substrates is not relevant to organism’s niche. Too simplistic an investigation; germination experiments 
are more appropriate for NCEA Level 1 Biology. Diffi cult to make this investigation appropriate for NCEA Level 3 Biology.

 e.  Not appropriate. Distribution investigations of a single population are NCEA Level 2 Biology.
 f.   A relevant investigation at NCEA Level 3 Biology, so appropriate. Care will need to be taken with the range of salinities for M 

and E. 
 g.   Growth rate is not specifi c enough. The type of growth to be measured needs to be clearly described (e.g. overall length of 

individual branches over a specifi ed time). Care needs to be taken with the range for the independent variable to ensure it is 
relevant to the plant. 

2. The structure and function of the pneumatophores; the substrates mangroves are normally found in; normal range of water 
saturation that mangroves tolerate.

3. a. The respiratory rate of the mud crab will increase with increasing salinity.
 b. The rate of movement of slaters will increase as the environmental temperature increases.
 c. The rate of photosynthesis of Elodea will increase as light intensity increases.
 d. The density of mangrove pneumatophores will increase as the water saturation of the substrate increases.

While the four hypotheses provided are accurate based on biological knowledge, the results of an investigation into each of these is 
likely to fi nd that the relationship between the dependent variable and the independent variable is more complex than the simple 
hypothesis provided.

4. a. i. water temperature
  ii. heart rate of Daphnia
  iii. maintenance of normal conditions, same magnifi cation, single drop of water in each case.
 b.  The range of the independent variable is not valid – only three values are given (minimum of four needed) and the increments 

are too great; the range may be outside the tolerance limits of Daphnia. No time has been allowed for the Daphnia to adjust/
acclimatise to the new temperatures.

Time to adjust/acclimatise is essential in any investigation and is a common cause of investigations not being valid (i.e. the 
investigation does not record what the investigator thought they were recording).

   The same amount of water needs to be put into the cavity slide each time (as this will affect the fi nal temperature). Insuffi cient 
data has been collected (therefore the investigation is not reliable).

5. a.  Qualitative.    b.  Quantitative.     c.  Qualitative.
 d.  Quantitative.    e.  Quantitative.
6. a.  Numbers of slaters in each light intensity.
 b.   Some measurement of rate for each slater – e.g. distance moved over a certain time period, converted to cm s–1 for each 

temperature.
 c.   Counting how many times each crab breathes over a certain time period (e.g. each minute) equates to its respiratory rate / 

measure oxygen usage over time (usually done using a respirometer).
 d.   Whole plants dried out, mass measured and divided by the number of plants.
 e.   The amount of water lost from a container containing mangrove stems (measured as the change in mass of the container) 

over a certain period of time (need to eliminate water loss through evaporation in some way – e.g. oil on water) / using a 
transpirometer or potometer, measure the movement of the air bubble along a calibrated tube over time.

7.
Distance from 
low tide (m)

Number of pneumatophores (m–2)

Transect 1 Transect 2 Transect 3

0 256 301 246

1 311 356 307

2 407 389 411

3 477 490 446

4 567 501 533

5 555 598 564

6 613 599 645

8. Stipe diameter (mm) 0.3 0.4 0.5 0.7 0.8 1.0 1.4 1.6 2.5 2.7 3.0 13.0 14.3 19.2 20.8 22.5 22.6 22.8 23.8

Plant dry mass (g) 1.6 0.6 2.0 3.3 2.5 6.4 5.5 3.0 5.5 6.8 8.1 12.0 13.0 14.3 14.1 14.6 15.3 14.6 15.5

9. A full descriptive title / fuller titles for column headings / inclusion of correct units in column headings / full title for the fi rst column 
(Sample number or similar).
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10. a.  Mean for distilled water is 0.024 mL/cm2/day. Mean for salt water is 0.042 mL/cm2/day.
 b.   The mean rate for mangrove transpiration in salt water is almost twice the mangrove transpiration rate in distilled water 

(0.042 mL/cm2/day compared with 0.024 mL/cm2/day).

11. a. Water temperature (°C)

10 15 20 25 30

x (breaths min–1) 6.1 6.7 7.7 10.4 12.1

 b.  As the water temperature increases from 10 °C to 30 °C, the mean rate of respiration increases from 0.31 breaths min–1 to 
0.49 breaths min–1.

    Graphing the means would allow the trend between temperature and respiration rate to be seen more clearly. 
12. a. 

A
verage live w

eight (kg)

Time (month)
Dec Jan Feb Mar Apr May Jun Jul Aug

15

20

25

30

35

40 P

C

Key:

 ‘Curative’
 ‘Preventative’

 b.   A line graph was used because both variables are continuous (time and weight).
 c.  April: ‘Curative’ = 28 kg, ‘Preventative’ = 32 kg.
  June: ‘Curative’ = 31 kg, ‘Preventative’ = 36 kg.
 d.   Live weight of lambs increased with both types of drenching programme; however, the increase was greater in the case of 

the preventative programme than in the curative programme (by the end of the study, the average weight of the lambs in the 
preventative programme was 13% greater than the average weight of those in the curative).

 e.   A bar graph could be drawn to illustrate any signifi cant difference between the means. 
13. a.

Height of plants (m)

1

2

3

4

5

6

Number 
of plants

0.
75

–0
.8

4

Control
Fertiliser A
Fertiliser B

0.
85

–0
.9

4

0.
95

–1
.0

4

1.
05

–1
.1

4

1.
15

–1
.2

4

1.
25

–1
.3

4

1.
35

–1
.4

4

1.
45

–1
.5

4

1.
55

–1
.6

4

1.
65

–1
.7

4

1.
75

–1
.8

4

1.
85

–1
.9

4

1.
95

–2
.0

4

2.
05

–2
.1

4

2.
15

–2
.2

4

Effect of fertilisers on plant growth

 b.   A bar graph was used because numbers or frequency of plants in each height class are counted (‘bars’) and the data series are 
not related to each other (discontinuous data, so bars separated – bar graph and not histogram).

 c.   Both fertilisers appear to have signifi cant effects on the growth of plants (measured in height). The median heights of plants 
appear to be much greater with the two fertilisers than without.

 d.  The sample sizes for each group were very small, making the result appear signifi cant on the graph (only 11 or 12 plants were 
used in each group).

14. a.   Both lines have a negative relationship (both are decreasing), but the slope of the line for the individual slaters is steeper than 
that of the line for the grouped slaters.

 b.   Slaters allowed to clump together lose (individually) less water (measured in this investigation as change in weight) than slaters 
isolated from each other. Slaters allowed to clump gradually lost, on average, around 0.02 g of weight; this levelled out after 
about 45 min. However, slaters isolated from each other lost on average around 0.097 g of weight and this occurred constantly 
throughout the 60 minutes of the investigation.
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15. a.  i.   Hypothesis: That male mice prefer complex enclosures (as there are more places to hide) over open or wall enclosures and, 
when given a choice, the greatest number of mice will be in complex enclosures.

  ii.   A bar graph – the variable of enclosure type is not continuous (it is discrete).
  iii.   Male mice choose the complex enclosures more often when given a choice – the number of mice in complex enclosures 

was greater than those in open or wall enclosures. There was little difference in numbers of mice in each enclosure in 
the wall/complex choice. Mice choose open enclosures the least often – numbers in the open enclosures appear to be 
(statistically) signifi cantly less than those in other two types of enclosure.

 b.  i.   The resident attacked an intruder most often in wall enclosures (followed closely by complex) and least in open enclosures. 
Possible explanation – wall enclosures offer more places to hide.

  ii.   Resident lost intruder most often in complex enclosures and least often in open enclosures, as there are more places for the 
intruder to hide in complex enclosures.

16. a.  i.   Hypothesis: That loggerhead turtle hatchlings are positively phototactic and will move towards high light intensities when 
there is a contrast between high and low light intensities.

  ii.   The higher the contrast in light intensity between the two sides of the container, the greater the number of hatchlings that 
travel towards the light side. 

    In A and B, at least 22 hatchlings reached 90% of the way to the bright side of the perimeter of the container. In C, 10 
hatchlings did not reach the perimeter and 4 moved to the dim side, while in D, 11 hatchlings did not reach the perimeter 
and 8 moved to the dim side.

  iii.   As the contrast between the bright and dim areas increases, loggerhead hatchling turtles move faster and in greater numbers 
towards the brighter area (are positively phototactic).

 b.  i.  Hypothesis: That loggerhead turtles will move down a slope rather than up a slope and this behaviour will persist in both 
light and dark conditions.

  ii.   Most turtles moved down the slope, regardless of light intensity. However, the response was far greater when the slope was 
angled towards bright light, with all the turtles moving within an angle of 90° (from about 45° to about 135° if the container 
is regarded as having 0° starting at ‘9 o’clock’) down the slope (and 20 reaching the perimeter), compared with only 9 
moving within an angle of 90° (from about 225° to about 315°) down the slope when angled towards the dim half (2 moved 
up the slope and the rest moved within 180° to 360°).

  iii.   Loggerhead turtles move down a slope rather than up a slope and this response persists in bright and dim conditions, but is 
stronger in bright conditions.

17. a.   Hypothesis: That dominant male possums will produce more pregnancies / breed more often than subordinate male possums.
 b.  

Non-vasectomised pens

Vasectomised pens
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 c.   Pens with vasectomised possums produced no pregnancies post-treatment / pregnancies in non-vasectomised pens increased 
post-treatment.

 d.   Dominant males breed more successfully than subordinate males. A dominant male prevented a subordinate male from 
breeding even when vasectomised, as shown by the results of Group B.
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18. •  The processed data have not been adequately used. It is not suffi cient to say ‘more’ or ‘fewer’. The specifi c data must be used to 
fully explain the results. For example, ‘The slaters preferred a temperature of around 10 °C, as, on average, the greatest number 
of slaters were found in this temperature (mean = 19). Mean numbers of slaters decreased below and above this temperature, 
with no slaters being found at 30 °C and only fi ve at 0 °C …’.

 •  There is no specifi c information about how slaters lose water and why they desiccate at higher temperatures. Information about 
the physiology of slaters is required, how slater physiology is linked to where they naturally live, and how the processed data 
shows this.

 •  There is a lot of repetition, indicating that the student is trying to ‘trick’ the assessor into thinking this is a discussion. 
 •  At ‘Merit’ level, a reasonable use of biological language would be expected (e.g. thermotaxis, permeable exoskeleton, surface 

area:volume ratio, etc.); no biological language has been used.
19. The evaluation needs to be in terms of what was done to ensure the results are reliable. This evaluation talks about why the results 

may not be. For example, despite ‘… several trials … there may still have been some slight variation in …’ some of the controlled 
variables. Better to say, ‘Several trials were carried out, and, as a result any variation in the controlled variables was virtually 
eliminated’, and ‘The slaters were kept in conditions that resembled their natural habitat as closely as possible’.
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Activity 2A: An informed response to a socio-scientifi c issue

1. A contemporary socio-scientifi c issue
 a. State whether each of the following topics would be appropriate or inappropriate for an investigation for AS91602 (Biology 3.2).
  i. Human reproductive technologies.
  ii. Increasing the size of the Cape Rodney-Okakari Point marine reserve.
  iii. Fluoridation of drinking water in New Zealand.
  iv. Possums.
  v. Field trials of genetically modifi ed potatoes in New Zealand.
  vi. Kidney dialysis.
 b. For each topic you considered inappropriate, provide a reason(s) for your decision.
2. Implications
 a. For each of the following implications:
  •  identify the type of implication (biological, social, ethical, economic and/or environmental – some may be more than one 

type of implication)
  • explain the reason for your choice, and how each implication could be positive or negative.
  i.   Molluscs in the marine reserve grow to a much larger size. Females are more fecund, as large females produce more eggs 

than small ones.
  ii.   If New Zealand remains GM-free, our clean, green image could be an important marketing advantage. 
  iii.   The corn shipment was allowed into New Zealand. This was because the government decided to use the US industry 

standard of a ‘threshold’ of acceptable contamination rather than zero tolerance of any GE contamination.
  iv.   Athletes take about 1 litre of blood from the body 2 weeks before the event and store the blood. The night before the 

event, they re-inject the blood back into their bloodstream. This results in the athlete having about 20% more red blood 
cells, and enables them to perform better. This type of performance enhancement is almost impossible to detect.

  v.   Xenotransplantation has the potential to virtually eliminate long waiting lists for organ transplants. Currently, signifi cant 
numbers of people die waiting for a suitable donor organ.

3. Opinions
 A well-respected New Zealand weekly magazine, Ecotravels*, published a travel article about South Island forests in its 6 March 
2017 issue. In the article the author described seeing the bare branches of rātā trees throughout the forest canopy. The writer said 
the dead trees were the result of possums browsing the leaves over the years. The article resulted in the following two letters to 
the editor of Ecotravels. Letter 1 was published in the next issue of the magazine; Letter 2 was a response to the fi rst letter and 
published the following week. Read the letters and answer the following question.

Letter 1 Letter 2

DON’T BLAME POSSUMS

In ‘Fiordland Forests’ (6 March) the author 
perpetuates the wrongly held belief that 
‘... possums have caused the grey, bleached 
skeletons of rātā trees in the forest canopy ’. 
This is nonsense, put about by Forest and Bird, 
DOC, and others in whose interest it is to keep 
on using 1080 poison.

Landcare Research ecologist Peter Bellingham 
has results showing southern rātā dieback 
is probably caused by natural events, for 
example rapid leaching of nutrients from the 
soil after heavy rainfall. Do not blame possums 
for the dead rātā.

Averil Begone (Port Charles, Coromandel)

BLAMING POSSUMS

In answer to long-time anti-1080 campaigner 
Averil Begone (‘Letters’, 13 March) I would 
like to point out that when I recently fl ew 
by helicopter along the river that forms the 
northern boundary of the South Westland 
DOC conservancy, many white, dead and 
dying rātā trees were easy to spot from the air. 
They were all to the north of the boundary.

To the south of the boundary, rātā formed a 
bright red and green canopy – and it is only 
to the south of the boundary that 1080 poison 
has been used by DOC to protect kiwi from 
possums. Obviously, possums kill rātā, and 
1080 kills possums.

Graeme Brown (Thames)

 In your own words, describe the viewpoint of each of the two letter writers.

 * Note: The magazine ‘Ecotravels’ and the two letters to the editor are fi ctitious.
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4. Discuss (justifi ed position)
  Following are three attempts at writing a justifi ed opinion. For each, say what the opinion is and give a reason(s) whether the 

opinion has been justifi ed.

a.  ‘The current use of 1080 poison seems to be the best control of possums at the moment. This is because I don’t think 
that we, the general public, are accepting enough of the use of genetically modifi ed organisms in the process of 
immunocontraception. There is plenty of evidence to suggest that 1080 is generally safe for use (provided it is used 
correctly), as it breaks down relatively quickly and there doesn’t seem to be a major by-kill.’

b.  … Progress into genetic modifi cation to improve the quality and disease resistance of commercial potatoes should be 
encouraged. The potato industry nets New Zealand’s economy over $84 million dollars per annum2,3 and generates 
hundreds of jobs (there are approximately 370 primary producers in New Zealand,1 but there are many more secondary 
jobs that result1). Potatoes are not only an important food source, but are also processed and utilised in many ways, such as 
thickeners in processed foods,5 and even as an ingredient in some types of packaging!7 Potato growers are often frustrated 
and disadvantaged by not being able to consistently produce tubers of high commercial quality. GM technology will 
result in a reliable supply of quality produce with fewer losses to farmers and increased effi ciency of farming.2,4 Currently, 
the tuber moth is controlled by extensive use of expensive, toxic pesticides,2 so the reduction in use of these through this 
technology can only be benefi cial to the environment and people. A major concern of anti-GE groups is the horizontal 
transfer of inserted genes into other species,6,9,10 but there is little evidence that this would occur,2,3,5 and … 

c.  ‘I think that genetically modifi ed organisms should not be released into New Zealand. Once we have crossed this line, 
there is no going back.’

5. Discuss (evaluation)
  Following are two evaluations, one of which is obviously a good example of an evaluation and the other a poor example. With 

reference to validity and bias, explain why Evaluation 1 is a good evaluation and Evaluation 2 is not.
 Evaluation 1

I used three main sources of information. The fi rst was the IBAC research website and articles written by Drs Smith 
and Cooper. This material is valid and reliable because it is from an internationally respected scientifi c source that 
has quality-control procedures in place before publication. These include peer review, and background checks on the 
authors. The second source was the book Poisoned Waters by Dr Margaret Wild. Dr Wild has a Bachelor of Agricultural 
Science (amongst other qualifi cations) and is currently a researcher and senior writer for NZ Organic, the periodical 
of the Health and Soil Association NZ, the best-known and respected periodical of non-chemical agriculture in New 
Zealand. Dr Wild is also a lecturer in non-chemical agriculture, and a member of the Sustainability Board. Her book 
is defi nitely biased as she has focused on the case against the use of fl uoride in our drinking water, but she has used 
scientifi c and experimental data and case studies from valid scientifi c sources to back up her statements and claims. The 
third source was an article from Ocean and Stream magazine, written by well-known Australian environmental lawyer 
Betsy Drumm. The article looked at both sides of the issue, again using supporting evidence and data from valid sources 
of scientifi c information. Ocean and Stream is biased towards the preservation of natural waterways, but does include 
points of view from a variety of people and organisations (e.g. a previous edition contained an article by the Farmers 
Federation, looking at the feeling amongst farmers about legislation aimed at preventing stock fouling waterways).

 Evaluation 2

I used three main sources of information. The fi rst was a research paper that I found on a scientifi c website. It was 
valid because I accessed the website from the library computer. The second was a book Poisoned Waters written by 
Dr Margaret Wild. She was obviously against fl uoridation of drinking water. The third was an article in an environmental 
magazine. All three sources of information were valid because I found them all in the school library.
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6. Explain (explanations)
 a.  Each of the following explanations consists of a description and an explanation. Identify and write down the description and 

the explanation for each. Also identify the aspect being explained (biological, implication, opinion).
  i.   ‘However, this method is more acceptable to the general public, as the foreign genes do not come from an organism of a 

different species.’
  ii.   ‘Due to the potentially serious health effects of not undergoing regular dialysis, an individual with kidney failure must 

commit to being physically attached to a dialysis machine several times a week for hours at a time.’
  iii.   ‘Coronary heart disease occurs when the heart and surrounding tissue are not provided with adequate circulation of blood 

and of oxygen. This is due to a narrowing of the small blood vessels supplying the heart with blood and oxygen. The 
narrowing is usually a result of atherosclerosis.’

  iv.   ‘I believe it is necessary to stop any commercial introduction of GM crops at this time, but to continue GMO research as 
this is essential to our fuller understanding of the benefi ts and risks of the application of applied genetics.’

 b.  The following sentences from different sources can be integrated into a logical sequence to explain biological concepts 
associated with the biological control of a pest. Use the information to write a paragraph that integrates the eight statements 
into a logical integrated sequence that explains what biological control is.

   The aim of biological control is to reduce the abundance of the pest.

   The pest causes less damage.

   One population acts upon another in a natural way.

   Pests and weeds are organisms that cause damage to native fl ora and fauna.

    Pests and weeds usually have no natural enemies in the environment into which they have been introduced.

    Biological control is the use of predators, parasitoids, pathogens or competitors to reduce or suppress a pest 
population.

   Biological control is very specifi c.

   The natural enemies of the pest are used.

7. Discussion
  Write a discussion comparing and contrasting the biological concepts associated with biological control and chemical control 

of pests. Use the information provided in the eight sentences in question 6. b. and the information in the three statements that 
follow.

   Herbicides can be harmful to all plant species in an area. The chemicals used are not specifi c to killing only the weed 
species, any plant (including native species) may be harmed or killed. This is called a non-target effect or impact. 
Herbicides must be used with great care along waterways (rivers, lakes, etc.) to avoid contamination; and where there 
are people and animals that might be subjected to herbicide spray drift.

   Chemical methods are probably the commonest and main means of insect pest control, especially in crops such as 
fruit and vegetables, but they do have some disadvantages. These include the materials used being poisonous to human 
beings and leaving residues on food, and being harmful to insect agents of biological control.

   Since the 1960s, chemical control has been based on the use of broad-spectrum pesticides. The chemicals are used 
to control all species of leaf roller on apples. These highly toxic products have provided very effective control by 
eliminating the majority of the pest, but they have the disadvantage of wider toxicity to many natural enemies.

 You need to:
• use some of the terms listed  • use biological language
• integrate the information so that there is a discussion rather than a series of explanations.

8. Referencing
  Compile a reference list / bibliography using the following reference notes.
  Authors: Cliff Ford and Bruce Beecher wrote ‘Courtship and Mating Behaviour of the Exotic Bird of Paradise’, published in 2019 

on pp. 122 to 130 of the journal Behaviour, volume 16.
  ESA Publications Ltd, Auckland: Level 3 Biology Study Guide, page 235. Authors are Anna Roberts and Maria Sinclair, 2013 

edition.
  Mary Smith, ‘Quantitative genetic evidence that the timing of vegetative phase change in Eucalyptus globules is an adaptive trait’, 

published in Journal of Botany, Volume 40, pages 442–445, 2015.
  https://academic.oup.com/spp/article/32/4/317/1639354. Article by Sue Oreszczyn, titled: ‘GM crops in the United Kingdom: 

precaution as process’, published in 2005 in volume 32, issue 4 of the journal Science and Public Policy, on pages 317–324; I 
read this article online, on 22 February 2021.

  An article, ‘Genetic variation and structure of remnant stands of pohutukawa (Metrosideros excelsa, Myrtaceae)’, by co-authors 
Andrew Young, Gabriele Schmidt-Adams and Brian Murray was published in the New Zealand Journal of Botany (vol. 39) in 
2001. It appears on pages 133 to 140 of the journal and it’s available online at https://www.tandfonline.com/doi/abs/10.1080/002
8825X.2001.9512721 (where I found it on 25/2/2021).
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Answers – Activity 2A: An informed response to a socio-scientifi c issue
1. a. i.  Not appropriate.
  ii.  Appropriate. 
    Plenty of information on all three aspects.
  iii.   Appropriate. 

Plenty of associated implications and differing opinions or viewpoints. Care will need to be taken to fi nd suffi cient 
biological information so that the research isn’t just about the process of fl uoridating water.

  iv.  Not appropriate.
  v.  Appropriate. 
    Plenty of information on all three aspects and a specifi c issue.
  vi.  Not appropriate.

b.  i.   Topic is too broad and will need to be narrowed down into one of the technologies.
  iv.   Too broad. Needs to be refi ned so that research focuses on all three aspects, not just the biology. If emphasis was on 

biological control of possums, it would be a good topic.
  vi.  Not an issue, but a medical technology. 
2. a.  i.   Biological – implication associated with the reproductive biology of the animal; positive, as greater fecundity means a 

greater population.
  ii.   Economic – marketing New Zealand as clean, green, GM-free could be positive for our economy; positive, as will create 

jobs, economic growth.
  iii.   Environmental – introduction of possibly GE-contaminated corn into New Zealand ecosystems could be disruptive; negative.
    Economic – introduction of possibly GE-contaminated corn into New Zealand could affect investment in New Zealand 

produce; negative, as may affect jobs, economic growth.
  iv.   Ethical – performance enhancement techniques give these athletes unfair advantage; negative, as those who don’t use 

performance enhancement are at a disadvantage.
    Biological – unknown or dangerous effects on the body of these techniques; negative, as may harm or kill the athlete.
  v.   Social – shorter waiting times will increase survival chances of those on the list; positive, as these people can get back to 

normal existence.
    Economic – xenotransplantation may mean people can get back to work or result in less fi nancial cost to the public health 

system; positive, as money can be spent in other areas.
3. i.  Begone (Ecotravels, 13 March 2017) maintains that the death of rātā trees in forests is not due to possum browsing so aerial 

drops of 1080 are not justifi ed. Her argument is based on research by ecologist Peter Bellingham. The writer is indirectly 
opposing the use of 1080.

 ii.  Brown (Ecotravels, 20 March 2017) disputes Begone’s statement that death of rātā trees is not due to possums feeding. He bases 
this on his experience, when fl ying over forests in a helicopter, of seeing areas with fl ourishing rātā trees where possums had 
been controlled by 1080, compared with areas where no 1080 had been dropped and the rātā trees were dead and dying. He is 
indirectly supporting the use of 1080.

4. a.  This is an opinion that has supported an aspect of the issue (i.e. the continued use of 1080) and has some justifi cation (e.g. 
statements relating to public acceptance and evidence that 1080 is generally safe), but the supporting evidence has not been 
referenced. 

If the rest of the essay is at ‘Excellence’ level with thorough referencing throughout, the lack of referencing in the justifi ed 
opinion may be overlooked and the student may achieve ‘Excellence’. 

 b.   The opinion has supported implications of the issue (the benefi ts of GM potatoes in New Zealand) and the justifi cations for the 
opinion have all been supported with a range of references throughout the discussion of the opinion. This is an example of a 
justifi ed position that meets the requirements of Achievement Standard 91602 (Biology 3.2).

 c.  An opinion has been stated, but it has not been adequately justifi ed (e.g. ‘have crossed this line, there is no going back’ is not 
a suffi cient justifi cation) and there is no supporting material that has been referenced. This is an example of a justifi ed position 
that does not meet the requirements of Achievement Standard 91602 (Biology 3.2). 

This student would not get ‘Excellence’, no matter how well done the rest of the essay.

5.  Obviously, Evaluation 1 is the ‘good’ example. All three sources are specifi cally identifi ed by name. The authors and their 
credentials are also specifi cally described. The validity of each source is explained – e.g. the quality-control procedures in place, 
the status and acceptance of the publication, the usual audience of each publication. The degree of bias of two of the sources is 
described, and the reason as to why each source was used is implied – e.g. even though there is bias in the second source (the 
book), it was still used as a valid source of information because the data upon which the author’s bias was based were valid. Also, 
the agenda of the book’s author was identifi ed and accepted for the same reason.

  Evaluation 2 is the ‘poor’ example. Only the book and its author were specifi cally identifi ed. The other two sources were not 
named. The premise that since all three sources were accessed from the school library this makes them valid is incorrect, as 
the library makes no claims that the material it has or is able to access is valid. You must assess the validity of each source of 
information yourself by doing a bit of digging about each source. The degree of bias of the book’s author was acknowledged but not 
explained. 

6. a. i.   ‘this method is more acceptable to the general public,’ (description) ‘as the foreign genes do not come from an organism of a 
different species’ (explanation). Aspect – (public) opinion.

  ii.   ‘an individual with kidney failure must commit to being physically attached to a dialysis machine’ (description) ‘Due to the 
potentially serious health effects of not undergoing regular dialysis’ (explanation). Aspect – implication (biological).
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  iii.   ‘Coronary heart disease occurs when the heart and surrounding tissue are not provided with adequate circulation of blood 
and of oxygen’ (description) ‘due to a narrowing of the small blood vessels supplying the heart’ (explanation). Aspect – 
biological (concept).

  iv.   ‘I believe it is necessary to stop any commercial introduction of GM crops at this time, but to continue GMO research’ 
(description) ‘as this is essential to our fuller understanding of the benefi ts and risks of applications of applied genetics’ 
(explanation). Aspect – (personal) opinion.

b. Following is one possible answer; you may have something slightly different.
   Pests and weeds are organisms that cause damage to native fl ora and fauna since pests and weeds usually have no natural 

enemies in the environment into which they have been introduced. The aim of biological control is to reduce the abundance 
of the pest. As a consequence, the pest causes less damage. Biological control is the use of predators, parasitoids, pathogens 
or competitors to reduce or suppress a pest population so that one population acts upon another in a natural way. Because the 
natural enemies of the pest are used, biological control is very specifi c.

7. Following is one possible answer; you may have something different. Regardless, ensure you have met the criteria of a discussion 
as outlined on pages 13 and 14 of Level 3 Biology Study Guide. In a ‘compare and contrast’ question, you need to outline both 
how the two things are the same and how they are different. In the following discussion, the fi rst paragraph outlines similarities, 
while the second outlines differences.

  Both chemical and biological control have the aim of eliminating pests or weeds that damage native fl ora and fauna. Pest and 
weeds usually arise because they have no natural enemies in the environment into which they have been introduced. However, the 
actions of biological and chemical control are very different.

  Where biological control aims to reduce the abundance of pests or weeds in a natural way as one population acts upon another, 
chemical control aims to eliminate the pest or weed altogether. Because natural enemies of a pest or weed are used, biological 
control is very specifi c, targeting only the pest or weed. On the other hand, chemical control is not specifi c and may harm or kill all 
the organisms in the area in which it is used as well as having further effects through contamination of waterways and other areas 
through spray drift. In addition, the chemical may kill useful biological control agents, and leave harmful residues on food sources 
eaten by humans and other animals.
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Ford, C. and Beecher, B. (2019). ‘Courtship and mating behaviour of the exotic bird of paradise’, Behaviour, 16: 122–130.
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 Activity 4A: Rhythmic behaviour and internal clocks (additional questions)

1. Fiddler crabs, Uca minax, live in the mid-tidal zone of intertidal mudfl ats and estuaries.
  The actogram shows the activity pattern of a fi ddler crab in normal environmental conditions.
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 a.  State how many periods of activity the crab has in a 24-hour period. 
 b.  Name the environmental factor that is infl uencing this activity pattern, and 

explain why the crab’s activity starts later each day.
 c.  Another fi ddler crab was placed under constant conditions in the laboratory. 

The activity pattern for the next 16 days is shown in the diagram alongside.
  i.  State what these results suggest about the control of the activity pattern.
  ii.  Calculate the free-running period for the crab.
  iii.   Name the type of rhythm shown by the crab, and give a reason for your 

answer.
  iv.  Explain how the fi ddler crab in its habitat benefi ts from having an 

internal clock rather than relying only on environmental cues. 
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2. The actogram shows the activity patterns of a cockroach over 21 successive days when subjected to a light regime. On Day 1, the 
cockroach was kept in 12h of light followed by 12h of darkness. From Days 2–14, the period of darkness was shifted to 9h earlier. 
From Day 15 onwards, the cockroach was kept in continuous darkness.

Light regime

Day 1

Days 2–14

Days 15–21

Day 1

Day 10

Day 15

24 hours

light

light

  Discuss the activity patterns exhibited by the cockroach over the study period. In your discussion:
 •  describe then explain the activity patterns during the light regime using evidence from the actogram
 •  explain the selective advantages of the activity patterns exhibited by the cockroach during Days 1–14.
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Answers – Activity 4A: Rhythmic behaviour and internal clocks (additional questions)
1. a. Two.
 b.  Tidal movement / ebb and fl ow. The period between the tides is 12.5 hours / slightly more than 12 hours, so the tide

(high and/or low) gets later each day.
 c. i. Activity is controlled by an internal clock.
  ii. 12.5 to 14 hours.
  iii.  Circatidal – as the activity occurs about every 12 hours / twice in 24 hours.
  iv.  The crab benefi ts by being to anticipate/predict the state of the tide so is able maximise feeding time between tides.
2. Descriptions of activity patterns – the cockroach exhibits nocturnal behaviour on Day 1; it is phase-shifting between Days 2–7; it is 

entrained on Days 8–14; the rhythm of the activity is free running from Day 15.
Explanations of activity patterns – on Day 1, the cockroach becomes active once the lights go off / is generally inactive during the 
period when the lights are on; Days 2–14 the onset of activity moves forward so that it eventually coincides with the new onset of 
darkness; from Day 15 onwards, a pattern of activity persists in the absence of the environmental stimulus.

  The selective advantages of the activity patterns is that being nocturnal means cockroaches avoid diurnal predators/dehydration. 
Without entrainment, onset of activity would not coincide with natural seasonal changes to daylength – entrainment saves the 
animal having to continually monitor the environment.
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 Activity 4B: Taxes and kineses (additional questions)

1. The diagrams represent a number of cockroaches (Celatoblatta vulgaris) at different times of the day. The circle in the middle is 
dark red glass, held up with plasticine, so that the cockroaches can hide underneath. The red glass is transparent to a camera with 
red fi lters, but to the cockroaches underneath it is dark.

 Daytime Dusk Night-time

  In the daytime, cockroaches exhibit two orientation responses, which are negative phototaxis and thigmokinesis.
 a. Describe the difference between the two responses.
 b.  Explain the change you would expect to observe during darkness for each orientation response, with reasons.
2. The fi gure following shows the results of an experiment carried out to study homing behaviour in a hunting wasp. This wasp digs 

a burrow and then fl ies off to capture a caterpillar, which it will leave in the burrow as food for its own young.

Nest Nest No nest

Pine cones placed round burrow 
while wasp inside; wasp leaves 

and returns to nest

Pine cones moved while wasp 
away on hunting trip

  Explain how the wasp fi nds its way when returning to its burrow from a hunting expedition.
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Answer – Activity 4B: Taxes and kineses (additional questions)
1. a.  Negative phototaxis is a movement away from a light source (acts as a stimulus for the response); therefore, the movement is a 

directional response to the stimulus (light). Thigmokinesis is a non-directional response to the stimulus of touch; movement is 
random until contact is made with an object, when the animal stops.

 b.  In darkness, the light stimulus is absent, so negative phototaxis is not shown. Negative phototaxis removes the cockroach from 
an unfavourable environment – light typically means higher temperatures from Sun so increased chances of dehydration; also 
greater chances of predation by diurnal predators such as birds. Cockroach becomes active at night when there is less chance of 
drying out and predation. The presence of other cockroaches in small area provides the stimulus (body contact) for thigmokinesis; 
as cockroaches are active and dispersed at night, thigmokinesis won’t be shown. Thigmokinesis results in animals huddling 
together, which reduces the surface area exposed to air for each individual, reducing the chances of individuals drying out. Hence 
thigmokinesis is benefi cial in the warm temperatures of daytime but not needed at night (and would restrict foraging activity of 
individuals).

2. The wasp uses the cones as visual cues/landmarks when locating its nest. When it leaves its nest, the wasp ‘memorises’ the location 
of its nest with respect to the cones. The wasp will use the landmarks on its return – shifting the cones will cause the wasp to ‘look’ 
in the wrong place.
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Activity 5B: Competition for resources (additional question)

1. Two closely related species of seed-eating fi nch were studied on nearby islands. Only Finchus secundus occurred on Island A, and 
only Finchus primus was found on Island B. On Island C, varieties of both species were found. The graphs represent the data about 
beak lengths that was collected from the birds in each situation.
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 a.  From the data on beak length of the two species on separate islands, what can you suggest about their feeding habits?
 b.  The two species have been co-existing on Island C for a long time. Discuss what has happened to their beak lengths over this 

time.
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Answers – Activity 5B: Competition for resources (additional question)
1. a.  F. secundus is likely to feed on smaller seeds than F. primus, as F. secundus beaks reach a maximum size of 10 mm; F. primus is 

likely to include larger seeds in its diet, as its beak size goes up to 11.5 mm.
 b.  Competition for seeds occurs, especially for those seeds of a similar size. This competition acts as a selection pressure resulting 

in selection for F. secundus individuals with smaller beaks and selection for F. primus individuals with larger beaks. Over time, 
birds with medium-sized beaks are eliminated so there is no longer any overlap in beak sizes. Therefore, competition for the 
same-sized seeds has been eliminated / greatly reduced.
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Activity 6B: Hierarchies and territoriality (additional questions)

1. In order to establish if a dominance hierarchy was present in a group of sparrows that fed
on the school grounds, a group of students observed interactions that involved challenges 
between 5 birds at a feeding station. The table shows the raw data for a total of 
50 interactions between the birds. For example, 3/5 means that birds 3 and 5 interacted in 
a way that involved a challenge and 3 was the winner while 5 was the loser.

 a.  Describe the advantages to the group of sparrows of having a dominance hierarchy.
 b.  Describe possible behaviour of the sparrows the students would have observed that 

would indicate dominant status in the hierarchy.
 c.  Using the data given, explain the dominance hierarchy that exists in this group of birds.

2. The spotted hyena (Crocuta crocuta) is one of the most social of all carnivores. It lives in groups containing up to 90 individuals, 
and exhibits the most complex social behaviour. These animals live in social groups, called clans, that defend group territories. 

  Females are dominant over males, and even the lowest-ranking female is 
dominant to the highest-ranking male. Although males typically disperse from 
the clans they were born into when they are between two and six years of age, 
females usually remain in their natal clan, so large clans may contain several 
different female lines of descent.

  Females give birth at any time of year to litters containing one or two cubs. At the 
communal den, cubs are maintained for a period of 8 to 12 months; during this 
period the major source of food for cubs is milk provided solely by their mother. 
Although cubs of both sexes ‘inherit’ their mothers’ social ranks, males voluntarily 
forsake those to assume much lower ranks in the neighbouring clans to which 
they disperse.

 The following set of data shows the interactions of six female hyenas.

Hyenas doing the biting

A B C D E F

Hyenas 
being 
bitten

A – 0 10 11 9 20

B 7 – 18 8 6 8

C 0 0 – 0 0 0

D 0 0 17 – 12 11

E 0 0 6 4 – 27

F 0 0 18 0 0 –

  Compare and contrast the advantages and disadvantages of belonging to the hierarchy of a clan, or living a solitary lifestyle.

 In your answer you should:
 •  describe what a linear hierarchy is, and give the order of the linear hierarchy in the table above
 •  explain how a hierarchy is maintained, and identify which hyena is challenging for a higher position in the hierarchy
 • explain factors that could infl uence an individual’s position in the hierarchy
 •  discuss the advantages and disadvantages to individual male and female hyenas belonging to a social hierarchy in the clan, 

compared with living a solitary lifestyle.
3. The Auckland Island Teal is a small, brown fl ightless duck. 

Raw data table of sparrows 
challenges

1/3
3/2
4/1
1/3
5/2
4/3
1/2
1/5
5/2
4/1

4/2
4/1
5/2
1/3
3/5
4/5
5/2
2/5
1/3
1/3

1/3
1/5
4/2
1/2
3/5
4/1
4/3
3/5
4/5
5/2

4/1
3/2
3/1
1/5
3/5
1/3
1/5
4/1
4/5
3/2

1/3
2/5
5/2
1/3
5/2
4/1
3/5
4/3
3/2
1/3
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  A population that included some 80 Teal pairs was studied on Ewing Island (see map). Ewing Island is found in the sub-Antarctic 
group of islands called the Auckland Islands. The birds feed as pairs on insects among the kelp seaweed scattered along sheltered 
shorelines. They are strongly territorial birds. Territories extend right down to the shoreline.
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and wave platform

Scale

0 100 200 300 400 500 m

N

 a. State two methods male Teals might use to defend their territories.
 b.  Where in the territory would you expect Teal defensive behaviours would occur most often? Explain why they would be most 

frequent here.
 c.  Referring to the map, give two reasons that there are more pairs at Boat Bay than at East Bay.
 d.  Referring to the map, explain why some birds would be found together at the fl ock site as indicated on the map.
 e.  The  symbol on the map indicates a male only. Suggest a reason why these males are solitary, and not paired.
 f.  Territoriality is a common phenomenon in birds. Describe the advantages and disadvantages to the birds involved in territorial 

behaviour.
4. Australasian gannets, Morus serrator, are known as colonial breeders. During the summer, large colonies of birds can be found 

within gannet colonies, where breeding pairs fi ercely defend their individual nesting territories. However, recent studies have 
shown that when foraging at sea, the same birds show no territorial behaviour across their chosen feeding areas, and yet they 
appear to maintain largely separate foraging areas at sea, specifi c to the particular colonies they belong to when nesting on land.

Gannets display territorial behaviour when 
nesting on land, but not when foraging at sea.

  Discuss the reasons that Australasian gannets appear to behave as described above. In your answer:
 • describe territorial behaviour
 •  use biological ideas to explain why the territorial behaviour provides selective  advantages for the gannets
 •  justify possible reasons that the territories of Australasian gannets do not include their foraging areas.



Level 3 Biology Study Guide – Activities  26

ISBN 978-0-947504-94-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.©

Answers – Activity 6B: Hierarchies and territoriality (additional questions)
1. a.  Birds of higher rank get more of a share of the resources or better access to available mates / dominant bird will leave more 

offspring as a result of having more or better food or resources / aggression within the group is minimised once rank has been 
established / subordinate birds may have a greater chance of reproductive success or access to food if they remain with the 
group despite being at the bottom of the ranking order.

b. Dominant birds would peck other birds / chase other birds / fl ap wings at other birds.
c.  The hierarchy that appears to exist is 4, 1, 3, 5, 2. This is because 4 never loses while 2 loses to every bird and never wins. 

Birds closest to each other in the hierarchy tend to challenge each other the most, for example 1 and 3 had the most number of 
challenges because they are adjacent to each other in the hierarchy and 3 is constantly trying to become more dominant than 1.

2. A linear hierarchy, or ‘pecking order’, occurs in social groups when each individual has a ranking within the group – from the most 
dominant (alpha individual) to the next highest (beta then gamma, etc.) individuals, ending up with the lowest-ranked individuals.

  Lower-ranked individuals are submissive to higher-ranked individuals. Rank is indicated and maintained by ritualised gestures 
and postures which also serve to reduce serious aggressive encounters between individuals. In hyenas, higher-ranked (dominant) 
individuals will bite lower-ranked (submissive) individuals; lower-ranked individuals will only bite back if they are challenging the 
higher-ranked individual. For example, in the table of biting, hyena C does not get bitten which indicates that it is the dominant 
female while hyena B is bitten by all other hyenas indicating that it is the lowest ranked female. Analysing the table of who bites 
whom, the rank order becomes C > F > E > D > A > B. However, in the encounters between E and D, E bites D 12 times while E 
bites D back 4 times. This is the only recorded example where a lower-ranked female bites a higher-ranked female, indicating that 
female D may be challenging female E in order to move up the rankings. This may be because D is a younger female becoming 
stronger / more experienced and confi dent enough to try to improve her ranking against what may be an ageing female. Rankings 
begin early in life during ‘play fi ghting’ amongst youngsters in which they are effectively ‘trialling their strength’. Rankings change 
over time as lower-ranked individuals mature and challenge the ranking of higher-ranked individuals (as perhaps shown by female 
D).

 The advantages to hyenas of belonging to a social hierarchy include:
 •  co-operative hunting increases prey kill rate so more consistent food supplies resulting in healthier individuals and increased 

reproductive success
 • mates are readily available, increasing chances of mating and reproductive success
 •  increases protection and learning opportunities for the young, increasing their chances of surviving and reaching adulthood
 •  increased chances of detecting predators (more eyes and ears ‘on the lookout’) and defending young from attack, increasing 

survival rates.
  The disadvantages to the hyenas of belonging to a social hierarchy include the following.
 •  Intraspecifi c competition increasing if the group size results in resource(s) becoming more limited. The larger the group, the more 

intense the competition will become (as competition is density-dependent) therefore physiological stress from poor nutrition and 
poor health lead to increased mortality and decreased natality.

 • Increased risk and spread of disease occurring from close living within the group.
 •  Lower-ranked hyenas may experience greater stress, poorer health if they cannot access enough food since higher-ranked 

hyenas have fi rst access to food.
  For a social group to be established and maintained rather than  individuals leading solitary lives, the genetic benefi ts of group living 

must outweigh the costs. This means even lower-ranked hyenas must benefi t more by being a part of the group than they are are 
disadvantaged by it – they do have increased reproductive success, even if reproductive success is delayed until ranking improves 
or their reproductive success is measured through passing on their genes through related individuals rather than themselves.

3. a.  Calls/song / aggression (aggressive displays / threat postures, fi ghts) / (scent markings).
 b. On the boundary – this is where most contact with other birds occurs.
 c. At Boat Bay:
  •  there is more or better-quality food / food is easier to obtain
  •  Teals are closer to water and/or food; so it is a more desirable habitat
  •  there is protection from weather and climatic extremes; shelter
  •  there are more or better nest sites.
 d.  Unmated birds or non-breeders are looking for potential mates. Shelter and food are available. Juveniles are fl ocking for 

protection and socialisation, and shelter and food are available.
 e. •  The habitat does not attract females – because of a lack of suitable nest site in territory, the territory is too small or of low 

quality and cannot provide food for two adults.
  •  There are more males than females, therefore less attractive males, or males with lower-quality territories ‘miss out’.
 f. Advantages:
  •  once territory has been established, aggression is reduced – this lowers the risk of injury (and resulting infections)
  •  reduced contact means spread of parasites and disease reduces
  •  familiarity with territory means better knowledge of resources and escape routes
  •  there is less disturbance due to fewer competitive disputes once mating and rearing start
  •  the number of available territories limits potential population growth – this benefi ts individuals, as smaller population reduces 

intraspecfi c competition for resources.
  Disadvantages:
  •  the cost and risk of establishment include energy expenditure, risk of injury and infection
  •  displays, songs, etc. can attract predators.
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4. Territorial behaviour occurs when an animal(s) establish(es) an area with defi ned boundaries which they defend from all other 
members of that species. For gannets, a pair of birds defends a territory where they mate, build a nest, lay eggs, incubate and raise 
the chick until it is old enough to fl edge.

 The territory provides a selective advantage as it provides an area where the chick:
 • can be raised with minimal interference/aggression from other gannets
 • will have a reduced risk of attack by land predators.
  Therefore, the chick’s chances of surviving until it fl edges and can live an independent existence are increased by territorial behaviour 

and the parents have contributed their alleles to the gene pool.
  Gannets do not include their foraging areas in their territory because their food supply area is always changing. Spending time and 

energy defending an area of sea would be wasted time and energy – those gannets that did so would, evolutionarily-speaking, be 
very ‘unfi t’.
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Activity 6C: Reproductive behaviours (additional question)

1. Waved albatrosses (Phoebastria irrorata) breed in colonies. Juvenile birds appear to
have an in-built navigation behaviour, which helps them when they fi rst fl y out to sea. 
They return to the breeding colony after about two years, but are four to six years of 
age when they fi rst breed. Waved albatrosses are an example of a species that 
undergoes migration.

 a.  Birds returning to the colony for the fi rst time already have a set of stereotyped 
behaviours, but require a period of learning to perfect the series of synchronised 
performances, such as preening, pointing, calling and bill clacking. The waved 
albatrosses then form monogamous relationships. Explain the purpose of these 
behaviours.

 b.  Waved albatrosses lay a single egg in a breeding season. Both parents take turns to incubate the egg over a period of 70–80 
days. After hatching, the chick is brooded and guarded for three weeks until it is large enough to defend and thermoregulate 
itself. The parents continue to feed the chick for a long period, up to 170 days, until it fl edges and eventually leaves the nest. 
Albatrosses seldom lay eggs in consecutive years.

   Discuss the signifi cance of the reproductive effort made by the albatross raising its young. In your answer:
  •  explain the investment made in raising the chick
  •  consider the advantages and disadvantages to both the parents and the chick from this type of parental care.

Waved albatross courtship behaviour



Level 3 Biology Study Guide – Activities  29

ISBN 978-0-947504-94-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.©

Answers – Activity 6C: Reproductive behaviours (additional question)
1. a.  Stereotyped behaviour is genetically based and not learnt. Examples in the waved albatross include its:
  •  ability to navigate
  •  return to the colony when ready to breed
  •  mating rituals.
   The purpose of such behaviours is to aid survival and reproduction and to help the animal form a pair-bond.
   Learnt behaviour requires a period of trial and error, so the animal can modify its behaviour. Examples in the waved albatross 

include reinforcement of mating behaviour and learning to recognise its partner – this is necessary so the two birds can recognise 
each other and co-ordinate their reproduction and chick-rearing activities. Mate selection and pair bonding reduce the chance of 
aggressive or agonistic behaviour between partners.

 b.  There is a large investment from the parents in terms of time and energy. The parents invest all their reproductive efforts in one 
chick only (every second year). One parent is always on duty during incubation and brooding until the chick can keep itself 
warm. After that, as the chick increases in size and its food demands increase, both parents gather and bring food to the chick.

  Advantages and disadvantages to the parents 
   Any behaviour (carried out by parents) that increases the survival chances of their offspring is an advantage. There is only one 

egg produced:
  •  egg is large, giving the chick a ‘good start’ – having only one chick reduces time parents need to spend feeding (compared 

with feeding multiple chicks)
  •  only one chick to incubate and to feed – limits liabilities of parents with respect to time and energy required for 

reproduction.
  Disadvantage – if the chick dies, all reproductive effort and time will have been wasted.
  Advantages and disadvantages to the chick 
  Advantages:
  •  survival chances are very high, because both parents are there to incubate, protect and feed it only
  •  growth rate is high, so time spent in the nest (where the chick might be vulnerable) is reduced.
  Disadvantages:
  •  single chick has no siblings for warmth
  •  food is limited – only one parent can gather food, as other parent is required to keep the chick warm until thermoregulation 

has been achieved. 
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Activity 7C: Tropisms and nastic responses (additional questions)

1. The drawings show the response of a young grape vine tendril to touch.

 

       A Before being   B Being touched by a twig.  C One hour after being
        touched by a twig           touched by a twig.
 a.  Describe the cellular events that have taken place within the tendril that would account for the differences between A and C.
 b.  Give two selective advantages to the grape vine plant which result from the ability to carry out the response illustrated.
2. In plants grown in an environment in which light comes from one direction, the shoots grow towards the light.
 a.  Name this growth response, and describe how it is different from a nastic response.
 b.  Two newly germinated bean seeds are attached to two separate clinostats (revolving wheels) as shown in the diagram. The 

experiment is carried out in total darkness.
   In A, the seedling is rotated continuously for 36 hours, while the seed in B is stationary.

plumule 
develops into 

shoot

radicle 
develops into 

root

bean enlarged
A B

  Explain what each seedling will look like at the end of the 36 hours.
 c.  In the experiment, describe the environmental stimulus to which the plumule (young shoot) and the radicle (young root) are 

responding, and explain the selective advantages to the bean of both the plumule and radicle responses.
3. The graph following is widely given as support of auxin control of geotropism in both roots and shoots. 
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  Describe the trends shown in the graph using fi gures from the graph to support your answer.
4. Plant roots and stems demonstrate different responses when grown in constant environmental conditions.

plumule (shoot) grows up

radicle (root) grows down

  In conditions of microgravity (very weak gravity, such as in a spacecraft that is in orbit around the Earth), plants can be grown, but 
may exhibit unusual growth patterns – such as some roots growing up and stems down, less growth, and non-vertical growth. This 
can be seen in the growth of the seedlings in the diagram.
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 On the ground In microgravity 

  Analyse the growth responses of roots and shoots in relation to gravity. In your answer, you should include:
 • a description of the responses of the root and the shoot
 • the mechanism responsible for the responses
 • the selective advantage of the responses
 • why plants in microgravity tend not to thrive.



Level 3 Biology Study Guide – Activities  32

ISBN 978-0-947504-94-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.©

Answers – Activity 7C: Tropisms and nastic responses (additional questions)
1. a.  Contact between tendril and twig results in a lateral transport of a growth hormone (possibly auxin) towards the side of the tendril 

away from the twig. This stimulates the elongation of the cells on this side of the tendril, causing it to bend around the twig.
b. It costs the plant less energy for support, e.g. producing fi bres needed to:

  • maintain its leaves in high light intensity; and 
  •  ensure that fl owers are held in a position where they can be seen by pollinators, and fruits are held in a position favourable 

for dispersal of seeds.
2. a.  Positive phototropism – tropism is directional growth response to a directional environmental stimulus, but a nastic response 

is a non-directional response to an environmental stimulus (often intensity of response related to intensity of stimulus). Nastic 
responses are also much faster and readily reversible.

 b. Diagram A – both plumule (shoot) and radicle (root) grow horizontally.
  Diagram B – plumule (shoot) grows up, radicle (root) grows down.
 c.  Plumule responds negatively to gravity. Radicle responds positively to gravity. Advantages:
  • plumule is more likely to reach light for photosynthesis (food production)
  • radicle grows down for anchorage/support and absorption of water.
3. The graph shows root growth stimulated by low concentrations of auxin (approximately 10–4–10–3 ppm) and inhibited by higher 

concentrations of auxin (approximately 10–2–1 ppm). Shoot growth is inhibited by both low auxin concentrations (<10–2 ppm) and 
high auxin concentrations (>102 ppm). Maximal shoot growth is achieved at auxin levels of approximately 7 ppm.

4. Shoots display negative gravitropism, as they grow away from gravity and so upwards to the air and sunlight needed for photosynthesis. 
Photosynthesis is essential in providing the materials needed for the growth and reproduction of the plant.

  Roots display positive gravitropism, as they grow towards gravity and so downwards into the soil. The roots anchor the plant in the soil 
and obtain water and dissolved nutrients from the soil – these are needed for photosynthesis and other essential cell processes.
Auxin/IAA is produced in the apical meristem of the growing tip and migrates down the shoot/stem and into the roots. Auxin 
stimulates cell elongation in the shoot, collecting on the lower surface so that the cells elongate more on this side, resulting in the 
shoot bending upwards. Auxin inhibits cell elongation in the root, collecting on the lower surface so that the cells elongate less on 
this side, resulting in the root bending downwards (into the soil). This redistribution of auxin may be determined by the movement 
of statoliths in the cell which sediment in response to gravity.
In space orbit, there is no/little (‘micro’) gravity to trigger either – or + gravitropism, so the seedlings display little differential growth 
between roots and shoots. The roots will not specifi cally grow ‘down’ and into the soil, so the plants will lack secure anchorage 
and have little/reduced supplies of water and nutrients. The shoots will not specifi cally grow ‘upwards’, so the plants may have less 
exposure to sunlight for photosynthesis.
Reduced supplies of water, nutrients and reduced photosynthesis all restrict plant growth and reduce chances of reproductive 
success.
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Activity 7E: Photoperiod responses (additional questions)

1. The graph shows the critical day length (CDL) for both a short-day and a long-day plant.
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a.  Give the CDL for white mustard and explain whether it is a short- or long-day plant.
 b.  Give the CDL for Japanese morning glory and explain whether it is a short- or long-day plant.
2. Cocklebur is a short-day plant with a critical daylength (CDL) of about 14 hours. Henbane is a long-day plant with a CDL 

of about 11 hours. Photoperiods of 12 hours are thus long enough for henbane to fl ower and short enough for cocklebur to 
fl ower. Name the season(s) in which you expect each of these plants to produce fl ower buds. Explain your answer.

HenbaneCocklebur

3. Chrysanthemums are SDPs with a critical day length of 11 hours. They do not fl ower at
the best time for peak sales to the public (at Christmas time).

 a.  Identify the season of the year that chrysanthemums will naturally fl ower.
b.  Describe how chrysanthemum plants grown in a greenhouse could be treated so they would 

fl ower ready for the peak Christmas market. Explain why this treatment would be successful.
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Answers – Activity 7E: Photoperiod responses (additional questions)
1. a.  CDL for white mustard is 12 hours therefore it is a LDP as it needs a photoperiod of more than 12 hours in order to fl ower.
 b.  CDL for Japanese morning glory is 15 hours therefore it is a SDP as it needs a photoperiod of less than 7 hours in order to 

fl ower.
2. Henbane will fl ower when the days are lengthening, i.e. in spring or early summer, while cocklebur will fl ower when the days are 

shortening, i.e. in autumn or early winter. This is because henbane is a LDP with a CDL of 11 hours that must be exceeded by the 
photoperiod, while cocklebur is a SDP with a CDL of 14 hours that the photoperiod must be less than.

3. a. Autumn.
 b.  Plants need to be in a controlled environment (e.g. greenhouse) and kept in darkness for more than 13 hours each day as they 

need a photoperiod of less than 11 hours in order to fl ower. Plants would then fl ower to be available to be sold at Christmas 
time.
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Activity 8A: Introduction – Homeostatic mechanisms

1. a. Defi ne homeostasis.
 b. Describe what is meant by negative feedback control.
 c. Give the role of each of the following in a homeostatic control system:
  i. receptor / sensor  ii. controller  iii. effector.
2. a. Describe the endocrine system.
 b. Give the essential function of the following hormones:
  i. insulin    ii. ADH  iii. adrenalin (also known as epinephrine)
  iv. aldosterone  v. thyroxine.
3. The fl ow diagram below is a simple representation of the homeostatic mechanism controlling metabolic rate. Use it to write a 

description of the feedback control of metabolic rate.

Increase in metabolic rate

High levels of thyroxine 
cause negative feedback 
(inhibits production of 
TSH and TRH) – thyroxine 
production stops, 
therefore thyroxine levels 
in the blood fall

hypothalamus

Thyrotropin releasing hormone (TRH)

pituitary

Thyroid stimulating hormone (TSH)

thyroid 
gland

Thyroxine in bloodstream

4. Give the roles of the following in homeostatic control:
 a. brain  b. ANS.
5. Give reasons that the following are such important organs in maintaining homeostasis:
 a. liver  b. kidneys.
6. a. Distinguish between vasoconstriction and vasodilation.
 b. Give the conditions that promote:
  i. vasoconstriction  ii. vasodilation.
 c.  Name the homeostatic control mechanisms that vasoconstriction and vasodilation are essential components of.
7.  Identify the body systems and/or organs that need to work together to maintain:
 a. glucose levels
 b. water levels
 c. O2 / CO2 levels.
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Answers – Activity 8A: Introduction – Homeostatic mechanisms
1. a.  Homeostasis is the ability of an organism to maintain a constant internal environment in response to both internal and external 

environmental change.
 b.  Occurs in a system when the output or product of the system provides information that switches off the system (as no more 

product is made, output ceases).
 c. i.  Detects the level of, or change in, an environmental factor or stimulus, e.g. level of glucose, temperature.
  ii.  Matches the information about the stimulus to the predetermined set point and ‘decides’ if action is needed, e.g. 

hypothalamus of brain.
  iii.  Makes the response needed to restore the set point, e.g. sweat glands release sweat that lowers body temperature and returns 

it to the set point (37 °C in humans).
2. a.  A series of ductless glands that occur in specifi c locations throughout the body and produce hormones.
 b. i.  Insulin, produced by pancreatic cells, is responsible for the conversion of glucose to glycogen in liver cells – an essential 

biochemical reaction in the homeostatic control of blood glucose.
  ii.  ADH (antidiuretic hormone), produced by the pituitary, is responsible for reabsorption of water from the fi ltrate by the cells 

of a kidney tubule – an essential process in the homeostatic control of water balance (or osmoregulation).
  iii.  Adrenalin, produced by the adrenal glands, is responsible for preparing the body for an emergency reaction – cardiac output 

increases, vasoconstriction occurs, airways dilate.
  iv.  Aldosterone, secreted by the adrenal glands, is responsible for the concentration of solutes in the blood plasma – an 

essential process in the homeostatic control of blood pressure and osmoregulation.
  v.  Thyroxine, produced by the thyroid gland, is responsible for the control of the overall metabolic rate of the body.
3. The pituitary releases TSH which stimulates the thyroid gland to produce thyroxine which in turn causes a rise in the metabolic rate. 

High levels of thyroxine in the blood act as negative feedback to the pituitary. Release of TSH is inhibited (stops); the thyroid is no 
longer stimulated to produce thyroxine, low levels of thyroxine in the blood cause the metabolic rate to fall.

4. a.  Brain acts as a controller to process information and co-ordinate a response. Specifi c areas of the brain such as the hypothalamus and 
vasomotor centre do the controlling.

 b.  Autonomic nervous system provides subconscious control of the action of glands (e.g. sweat glands and endocrine glands), 
smooth muscle, heartbeat, respiratory rate – all important components in many homeostatic control mechanisms.

5. a.  The liver is essential in many biochemical reactions or pathways needed directly or indirectly in homeostatic control, e.g. 
control of glucose levels, de-amination, detoxifi cation, storage of chemicals, release of heat energy.

 b.  Kidneys, essential in regulation of water balance (process of osmoregulation), are the body’s main excretory organs responsible 
for removing urea, excess water and mineral ions. Kidneys also contribute to the regulation of blood pressure.

6. a.  Vasoconstriction occurs when there is increased contraction of the circular muscles of the wall of an arteriole resulting in a 
decrease in the lumen of the arteriole; vasodilation is the opposite – a decrease in contraction of the circular muscles of the wall 
resulting in an increase in the lumen of an arteriole.

 b. i.  Decrease in body temperature, release of adrenalin into blood.
  ii.  Increase in body temperature.
 c. Control of body temperature, osmoregulation, regulation of blood pressure.
7. a. Action of pancreas, liver, blood system.
 b. Action of brain (hypothalamus), pituitary, kidneys, blood system.
 c. Action of lungs, brain (medulla, pons), kidneys, blood system.
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Activity 9A: Homeostatic control of body temperature

1. a. Defi ne homeostasis.
 b. i. Give the set point for human body temperature.
  ii. State what happens when the set point deviates from this temperature.
2. Distinguish between the following pairs of terms:
 a. homeotherms and poikilotherms
 b. ectotherms and endotherms
 c. hypothermia and hyperthermia
 d. vasodilation and vasoconstriction.
3. Explain the relationship between enzyme activity and increasing body temperature.
4. a. Explain how sweating cools the body.
 b. Describe how the external environment can infl uence heat loss from sweating.
5. Give the roles of each of the following in thermoregulation:
 a. thermoreceptors   b. hypothalamus    c. ANS     d. BMR
 e. epinephrine    f. adipose tissue    g. piloerector muscle.
6. Humans need to maintain a core body temperature of 37 °C. Homeostatic mechanisms in the body are in action throughout the 

day to keep the temperature at this level.
 a. Explain why hands and feet may have a lower temperature than 37 °C.
 b. Explain why the face and skin often become ‘fl ushed’ during exercise.
 c. Explain how a cold body tries to return to normal body temperature.
7. Describe the behavioural responses that humans make in an attempt to regulate their body temperature:
 a. when cold    b. when hot.
8. a. Copy and complete the table following to:
  • identify the type of adaptation (structural/physiological/behavioural)
  • identify the type of evolution – whether biological evolution, cultural evolution, or both. 

Mechanism Type of adaptation Type of evolution

Clothing and shelter

Food and drink

Lengthening/shortening extremities

Exercising

Sweating

Vasoconstriction/vasodilation

Increase/decrease in metabolic rate

 b.  Our fi rst response to feeling hot or cold is a voluntary response. If this response is insuffi cient, involuntary mechanisms come 
into action. Distinguish between voluntary and involuntary responses, and give two examples of each.

9. Give the factors that increase the risk of:
 a. hypothermia   b. hyperthermia.
10. You have carried out an investigation into the regulation of body temperature by an animal. Use the information you have found 

to write a report on the thermoregulatory homeostatic control system for this animal. In your report, you need to:
 • explain the importance (i.e. the adaptive signifi cance) of thermoregulation
 •  describe the components of the control system (you can use annotated diagrams to support your descriptions), and explain 

how the components function in homeostatic control
 •  explain the mechanisms of homeostatic control, linking the mechanisms to the components in the feedback control of body 

temperature
 •  explain the the potential effect of a named disruption on thermoregulation by internal and/or external environmental factor(s).
  In your report, you need to integrate and link your descriptions and explanations to form a comprehensive discussion on the 

thermoregulatory control system for the animal, including factors that lead to a breakdown of the control system.
 Hand your report to your teacher for feedback or assessment.
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Answers – Activity 9A: Homeostatic control of body temperature
1. a.  The ability of an organism to maintain a constant internal environment in response to environmental change (both internal and 

external).
 b. i. 37 °C ± 0.7 °C
  ii.  Homeostatic mechanisms – behavioural, structural, physiological – come into effect.
2. a.  Homeotherms are animals able to regulate their internal environment (are ‘warm-blooded’). Poikilotherms are unable to 

regulate their internal environment (are ‘cold-blooded’).
 b.  Ectotherms are animals whose body heat is mainly from external sources (e.g. Sun). Endotherms are animals whose body heat is 

from internal sources (e.g. metabolic reactions).
 c.  Hypothermia occurs when the core body temperature drops below the set point. Hyperthermia occurs when the core body 

temperature rises above the set point.
 d.  Vasodilation is the increase in the lumen of an arteriole. Vasoconstriction is the decrease in the lumen of an arteriole.
3. Increasing body temperature increases the rate of enzyme activity until it reaches an optimum temperature (in humans this is typically 

the core body temperature of 37 °C ± 0.7 °C). Above this set point temperature, enzymes work faster and faster before becoming 
denatured, losing their shape and active site so they are no longer able to act as catalysts. The metabolic pathway that the enzyme is 
part of breaks down, with subsequent build-up of toxic products and/or lack of essential end products.

4. a.  Sweat is a salty aqueous (water) solution released by the sweat glands. To turn water from a liquid to a vapour (latent heat of 
vaporisation) requires heat energy – this comes from the skin (actually from the capillaries in the dermis of the skin).

 b.  Immediately above the skin is a layer of air containing water vapour. The more saturated the air, the less sweat can evaporate. The 
removal of water from the vapour layer (windy, dry conditions / low humidity), means more sweat can evaporate.

5. a.  Part of the body’s sensory system which monitors changes in environmental temperature.
 b.  The control centre for the homeostatic mechanisms that regulate core body temperature to its set point.
 c.  Autonomic nervous system – supplies nerves to effector organs that produce the response which returns the body temperature to 

the set point.
 d.  Increases in the basal metabolic rate (BMR) result from an increase in the rate or number of exothermic biochemical reactions; 

more heat energy is released and the core body temperature rises.
 e.  Epinephrine (adrenalin) causes arterioles in the skin to constrict, reducing heat loss from the body; epinephrine also promotes 

thermogenesis.
 f. Subcutaneous fat – acts as an insulator to minimise loss of body heat.
 g.  Piloerector muscle is attached to the hairs in the skin; contraction of the muscle results in the hair becoming erect (‘standing on 

end’). In animals that have thick body hair (e.g. dogs and cats), the erect layer of hair traps air heated from the underlying skin 
capillaries.

6. a.  The hands and feet are a long distance from the core of the body, have a large number of blood vessels close to the surface 
of the skin, and expose a large skin surface area. As blood passes through the vessels close to the skin over this large surface 
area, heat is lost – because the temperature inside the body is higher than the temperature outside the body and heat energy is 
transferred from hotter to colder places, therefore the temperature of the hands and feet is reduced.

 b.  The blood vessels close to the face and skin dilate to increase the blood fl ow in vessels close to the skin, producing the ‘fl ushed’ 
look. As blood travels through these vessels close to the skin, heat is lost to the air, helping to control body temperature.

 c.  When body temperature is low, the following homeostatic control mechanisms initiate to increase heat output and reduce heat 
loss by the body:

  •  blood vessels close to the surface of the skin constrict – this reduces fl ow of blood to the skin surface and reduces the loss of 
body heat (by convection)

  •  involuntary contractions of the piloerector and skeletal muscles occur – this requires increased cellular respiration, which 
increases heat production by the body

  •  hypothalamus increases its output of thyroxine – this acts to raise the BMR and therefore heat production through metabolic 
reactions such as cellular respiration

  •  sweat output decreases – this reduces effects of cooling through evaporation that uses body heat.
7. a.  Seeking shelter; putting on more clothing; eating, especially hot food; drinking hot fl uids; increasing physical activity; reducing 

body area by curling up and hugging oneself; cuddling up to other people (or animals); moving to a heat source (e.g. fi re) to 
keep warm or raise body temperature.

b.  Seeking shelter; removing clothing; drinking cold fl uids; decreasing physical activity; increasing surface area by stretching out;
staying away from other people and sources of heat.
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8. a. Mechanism Type of adaptation Type of evolution

Clothing and shelter Behavioural Cultural

Food and drink Behavioural Both

Lengthening/shortening extremities Behavioural Biological

Exercising Behavioural Both

Sweating Physiological Biological

Vasoconstriction/vasodilation Physiological Biological

Increase/decrease in metabolic rate Physiological Biological

 b.  Voluntary responses are under conscious control (e.g. putting on clothes, seeking shade, lighting a fi re), while involuntary 
responses are not under conscious control (happen automatically – e.g. sweating, increase in metabolic rate).

9. a.  Being young or old; having mental conditions such as Alzheimer’s disease; being under the infl uence of alcohol, drugs, certain 
medications; medical conditions that affect homeostatic control mechanisms.

 b.  Being young or old; being obese; over-exertion in extremes of heat; wearing insulated clothing; certain medications (non-
selective beta-blockers, diuretics, anti-psychotics, vasoconstrictors, etc.).

10. Teacher feedback for report.
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Activity 10A: Homeostatic control of blood pressure

1. Distinguish between the following pairs of terms:
 a. pulmonary circulation and systemic circulation
 b. diastole and systole
 c. arteries and veins
 d. arterioles and venules
 e. vasoconstriction and vasodilation
 f. interstitial fl uid and plasma
 g. hypertension and hypotension.
2. a. Defi ne blood pressure.
 b. Give the essential functions of blood pressure.
 c. State how blood pressure is determined.

3. a.  A person’s blood pressure is 110
70

. Explain what each of the fi gures means, and explain the signifi cance of these 
fi gures to the person.

 b. Describe hypertension.
 c.  Describe what could happen to the blood vessels or heart to cause hypertension.

4. a. Describe the autonomic nervous system (ANS).
 b. Distinguish between the sympathetic and parasympathetic systems of the autonomic nervous system (ANS).
5. Describe the roles of each of the following in the regulation of blood pressure:
 a. baroreceptors       b. adrenalin/epinephrine
 c. cardiac output       d. interstitial fl uid
 e. blood volume       f. vasoconstriction
 g. vasodilation       h. sympathetic nervous system
 i. parasympathetic nervous system  j. aldosterone
 k. angiotensin II       l. kidneys.
6. You have carried out an investigation into the regulation of blood pressure by an animal. Use the information you have found to 

write a report on the blood pressure homeostatic control system for this animal. In your report, you need to:
• explain the importance (i.e. the adaptive signifi cance) of blood pressure
•  describe the components of the control system (you can use annotated diagrams to support your descriptions), and explain 

how the components function in homeostatic control
•  explain the mechanisms of homeostatic control, linking the mechanisms to the components in the feedback control of blood 

pressure
•  explain the the potential effect of a named disruption on blood pressure by internal and/or external environmental factor(s).

  In your report, you need to integrate and link your descriptions and explanations to form a comprehensive discussion on the 
regulation of blood pressure for the animal, including factors that lead to a breakdown of the control system.

 Hand your report to your teacher for feedback or assessment.
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Answers – Activity 10A: Homeostatic control of blood pressure
1. a.  Pulmonary circulation is the loop between the heart and lungs. Systemic circulation is the loop between the heart and all other 

body organs.
 b.  Diastole (diastolic pressure) is the minimum pressure of the systemic arterial blood; both ventricles are fi lling with blood from 

the atria between heartbeats. Systole (systolic pressure) is the maximum pressure of the systemic arterial blood; the left ventricle 
has just contracted.

 c.  Arteries are the blood vessels that transport blood away from the heart. Veins transport blood back to the heart.
 d.  Arterioles are the smallest braches of the arterial system. Venules are the smallest branches of the venous system.
 e.  Vasoconstriction is the narrowing of the lumen of (mainly) the arterioles when the circular muscles in their walls contract. 

Vasoconstriction may be slight or severe. Vasodilation is the expanding of the lumen of (mainly) arterioles when the amount of 
contraction of the circular muscles in their walls decreases.

 f.  Interstitial fl uid bathes the body cells, occupying the spaces between cells. Plasma is the liquid portion of the blood. The 
composition of both fl uids is very similar as they are in contact through the pores in the capillary membranes; however, plasma 
contains blood proteins and blood cells (which are too large to pass through the pores and enter the interstitial fl uid).

 g. Average normal blood pressure is: systolic 90–119, diastolic 60–79.
  Hypertension (high blood pressure) is: systolic > 140, diastolic > 90.
   Hypotension (low blood pressure) is: systolic < 90, diastolic < 60; person may feel faint or light-headed when sitting up from a 

horizontal position or when standing up.
2. a.  A measure of how much force the (left ventricle of) heart uses to pump blood through the (systemic) blood vessels.
 b.  Blood pressure forces blood through the vessels (especially the arteries). High blood pressure is needed for fi ltration of the blood 

in the kidneys (between the capillaries of the glomerulus and the Bowman’s capsule of the nephron).
 c.  Blood pressure is the product of cardiac output and vascular resistance, i.e.: 

blood pressure = cardiac output × vascular resistance
3. a.  The fi gure 110 represents the systolic blood pressure (pressure when blood is pumped out from the ventricles); the fi gure 70 

represents the diastolic blood pressure (when the heart is ‘resting’) – the ventricles are fi lling with blood prior to contracting.
   A blood pressure of 110

70
  is relatively low, indicating that the person is not at risk of disease from high blood pressure.

 b. Hypertension is the word used to describe high blood pressure.
 c.  Hypertension can result from narrowing of the blood vessels (particularly those within the heart) or enlargement of the heart.

An enlarged heart can itself be caused by hypertension – from high blood pressure in the artery connecting the heart and 
lungs (pulmonary hypertension).

4. a.  Part of the nervous system that provides automatic unconscious control of internal body control processes, such as blood 
pressure.

 b.  Sympathetic system acts as an ‘accelerator’ – its nerve impulses cause increases in action/output of tissues, organs or systems 
(e.g. increase in blood pressure). Parasympathetic acts as a ‘brake’ – its nerve impulses cause decreases in action/output of 
tissues, organs or systems (e.g. decrease in blood pressure).

5. a.  Detect blood pressure and send messages to brain via nerve impulses – the higher the blood pressure, the greater the frequency 
of nerve impulses.

 b.  Increases blood pressure by increasing cardiac output and vasoconstriction (commonly occurs in an emergency situation – the 
‘fl ight or fi ght’ response).

 c.  Cardiac output is a measure of the rate of blood fl ow from the heart – which depends on both speed and extent of contraction of 
the cardiac muscle. When cardiac output increases, blood fl ow increases, with a corresponding increase in blood pressure.

 d.  Acts as a reservoir of fl uid – if it is used to increase the volume of the blood, blood pressure increases, and vice versa.
 e.  An increase in blood volume results in an increase in blood pressure; a decrease in blood volume results in a decrease in 

blood pressure. Changes in blood volume are dependent on kidney tubules reabsorbing water from the fi ltrate – the more water 
reabsorbed from the fi ltrate, the greater the blood volume.

 f. Increases blood pressure by increasing vascular resistance.
 g. Decreases blood pressure by decreasing vascular resistance.
 h.  Sends out nerve impulses to increase cardiac output and vasoconstriction, so increases blood pressure.
 i.  Sends out nerve impulses to decrease cardiac output and vasodilation, so decreases blood pressure.
 j.  Increases water reabsorption from the kidney tubules which increases blood volume and so increases blood pressure.
 k. Acts as a vasoconstrictor, so increases blood pressure.
 l.  Control blood volume through the amount of water reabsorbed from the fi ltrate by the kidney tubules; the more water 

reabsorbed, the higher the blood volume and therefore the higher the blood pressure.
6. Teacher feedback for report.
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Activity 11A: Homeostatic control of osmotic balance

1. Distinguish between the following pairs of terms:
 a. water potential and osmotic potential
 b. hypertonic and hypotonic
 c. solute and solvent.
2. Defi ne the following terms:
 a. osmoregulation    b. excretion.
3. Explain how the following occur in the human kidney:
 a. fi ltration      b. reabsorption.
4. Give the role of each of the following in osmoregulation:
 a. hypothalamus     b. pituitary     c. ADH
 d. aldosterone     e. aquaporin     f. urine concentration
5.  Compare and contrast the composition of the blood in the renal artery/arteriole and the renal vein/venule, taking into 

consideration the processes that occur in the nephron and any associated organs.

6. Explain the relationship between water and solute concentration in osmoregulation.

7. After drinking a large volume of water, the following changes occur, but they are in the wrong order:
 •  pituitary reduces secretion of ADH
 •  increase in water potential is detected by the hypothalamus
 •  urine output increases
 • volume of water in the blood falls
 •  water potential of the blood rises
 •  less water is reabsorbed by the kidney tubules.
  Write a paragraph in which you put the changes into the correct order and in such a way that they are linked into a coherent 

account that is easy to read.
8. Explain the effects of alcohol and caffeine on osmoregulation.
9. Outline how the following disrupt the homeostatic mechanisms in osmoregulation:
 a. diabetes insipidus    b. syndrome of inappropriate antidiuretic hormone secretion (SIADH).
10. You have carried out an investigation into the control of water balance by an animal. Use the information you have found to write 

a report on the osmoregulatory homeostatic control system for this animal. In your report, you need to:
• explain the importance (i.e. the adaptive signifi cance) of osmoregulation
•  describe the components of the control system (you can use annotated diagrams to support your descriptions), and explain 

how the components function in homeostatic control
•  explain the mechanisms of homeostatic control, linking the mechanisms to the components in the feedback control of water 

balance
•  explain the the potential effect of a named disruption on osmoregulation by internal and/or external environmental factor(s).

  In your report, you need to integrate and link your descriptions and explanations to form a comprehensive discussion on the 
osmoregulatory control system for the animal, including factors that lead to a breakdown of the control system.

 Hand your report to your teacher for feedback or assessment.
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Answers – Activity 11A: Homeostatic control of osmotic balance
1. a.  Water potential is a measure of the (relative) potential or tendency of water to move from one area to another. Osmotic potential is 

a measure of the (relative) potential of water molecules to move from a hypotonic solution to a hypertonic solution.
 b.  Hypertonic refers to a solution which has a large number of solute particles dissolved in a certain volume of water. Hypotonic

refers to a solution which has few solute particle dissolved in the same volume of water; a hypertonic solution is a concentrated 
solution, while a hypotonic solution is a dilute solution.

 c.  Solute refers to dissolved particles. Solvent refers to the liquid in which solutes dissolve.
2. a.  The process in which organisms control the levels of water and solute ions within their cells and body.
 b. The process by which organisms get rid of the waste products of metabolism.
3. a.  Filtration occurs between the capillaries of the glomerulus and the Bowman’s capsule of the nephron. Filtration occurs as a 

result of blood pressure and differences in lumen between the afferent (bigger) and efferent arterioles, which create a bottleneck. 
The difference in pressure forces solutes in the plasma out into the capsule and then into the kidney tubule to form the fi ltrate.

 b.  Reabsorption of glucose and other essential substances occurs by active transport across the membranes of the kidney tubules 
and into the surrounding capillaries. Aquaporin proteins in the membrane open under the infl uence of the hormone ADH,
forming channels in the plasma membrane to allow the passage of large amounts of water from the fi ltrate into the interstitial 
fl uid and blood plasma to maintain water balance (homeostasis).

4. a.  Has osmoreceptors which monitor the water potential of the blood; also produces ADH, the antidiuretic hormone.
 b. Stores and releases ADH under the control of the hypothalamus.
 c.  Targets the kidney tubules and stimulates formation of aquaporin protein channels in the plasma membranes of the cells so that 

large amounts of water can be reabsorbed into the blood.
 d.  Stimulates reabsorption of Na+ ions into the blood from the kidney tubule and collecting duct; more water enters the blood and 

is retained in the body.
 e.  Protein found in the plasma membranes of the cells of the kidney tubules that forms channels for the rapid passage of water 

from kidney tubules to plasma / interstitial fl uid.
 f.  The concentration of urine varies depending on the need to retain water in the body; when the body needs to retain water, the 

urine produced is concentrated and vice versa.
5. Similarities of blood in the renal artery and the renal vein:
 •  have the same concentration of protein molecules and blood cells – both being too large to be forced from the blood into the 

Bowman’s capsule
 •  concentration of glucose is the same – although glucose is a small molecule that is forced out of the blood in the glomerulus, all 

glucose should be reabsorbed into the blood in the tubules.
 Differences between blood in the renal artery and blood in the renal vein:
 •  renal artery blood is high in urea, blood in renal vein is lower in urea – urea is a waste fi ltered out of the blood at the 

glomerulus and not reabsorbed
 •  blood in renal artery is high in salts, blood in the renal vein is low in salts – all salts are fi ltered out of the blood at the 

glomerulus, and only those salts required by the body are reabsorbed into the blood in the tubule; excess salts are excreted in 
the urine

 •  blood in the renal artery has more water than does blood in the renal vein – water is fi ltered out of the blood at the glomerulus and 
water is reabsorbed by the tubule to obtain the concentration required by the blood (amount of water reabsorbed varies, depending 
on amount of salts in the blood and volume of water that has been lost as sweat – excess water is excreted in the urine)

 •  blood in the renal artery has more oxygen and less carbon dioxide than blood in the renal vein – kidney cells need oxygen for 
respiration and produce carbon dioxide as a waste product of respiration.

6. An increase in the amount of water in a set volume of fl uid (e.g. blood plasma) results in a decrease in concentration of the solutes 
and the solution (and vice versa). Water will cross a semipermeable membrane in osmosis from a less concentrated or dilute 
(hypotonic) solution to a more concentrated (hypertonic) solution. It is therefore the concentration of the solutes in the solution that 
determines the direction of movement of water in osmoregulation.

7. After a person has drunk a large volume of water, the water potential of the blood rises. This increase in water potential is detected 
by the hypothalamus, which sends a message to the pituitary to reduce secretion of ADH. Less water is reabsorbed by the kidney 
tubules (as the aquaporin channels close), therefore urine output increases. The result is a fall in the volume of water in the blood.

8. Alcohol and caffeine are both diuretics and inhibit the production of ADH. Low levels of ADH result in less water being reabsorbed 
by the kidney tubules and more water in the urine. If large amounts of alcohol and caffeine are consumed, the persistent inhibition 
of ADH production may result in the body becoming dehydrated through loss of water in the urine.

9. a.  Diabetes insipidus disrupts the homeostatic mechanism through ADH having no effect on the reabsorption of water into the 
plasma from the kidney tubules, resulting in excessive water being released into the urine and the body becoming dehydrated. 
The inability of ADH to produce its normal effect is either because the vasopressin receptors in the tubule do not function 
properly or because the aquaporin proteins are insensitive to ADH so do not form channels. Both of these conditions result from 
different mutations.

 b.  SIADH causes excessive release of ADH by the pituitary. This results in reabsorption of large amounts of water from the fi ltrate, 
increasing the volume of water in the blood and dilution of the concentration of ions or salts. There is a corresponding increase 
in blood pressure.

10. Teacher feedback for report.
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Activity 12A: Homeostatic control of blood glucose

1. Explain why the body needs (large amounts) of glucose.
2. a. Give the set point for glucose.
 b. Describe how glucose can:
  i. increase in the blood  ii. decrease in the blood.
3. Name the form in which glucose is stored, and the storage sites.

4. Give the roles of the following hormones in the control of blood glucose:
 a. insulin      b. glucagon
 c. somatotropin    d. adrenalin/epinephrine.

5. Give the role of the following in the control of blood glucose:
 a. pancreas     b. kidneys.

6. a.  Using the fl ow diagram following, write two or three paragraphs explaining how blood glucose levels are controlled.

Blood sugar levels 
return to normal

Blood sugar 
too high >1.0 g/L

Glycogen stored 
in the liver cells as 

glycogen

Hormone
insulin released from 

the  cells in the 
pancreas

Blood sugar 
too low <0.8 g/L

Blood glucose 
levels monitored 
in the pancreas

Hormone 
glucagon released 
from the  cells in 

the pancreas

Blood sugar levels 
in the normal 

range – no action 
required

In the liver, 
glycogen is 
converted to 

glucose which 
enters the 

bloodstream

Blood sugar levels 
return to normal

Flow diagram showing the control of blood glucose levels by the hormones glycogen and glucagon

 b.  The control mechanism allows blood glucose levels to deviate by about 20% from the set point before corrective mechanisms 
operate. Give the set point, and suggest why such a large deviation is allowed before correction occurs.

7. a. Describe the condition of diabetes mellitus.
 b. Distinguish fully between type I and type II diabetes.
 c. Distinguish between the states of hyperglycaemia and hypoglycaemia.

8. You have carried out an investigation into the regulation of blood glucose by an animal. Use the information you have found to 
write a report on the glucose homeostatic control system for this animal. In your report, you need to:
•  explain the importance (i.e. the adaptive signifi cance) of the regulation of blood glucose
•  describe the components of the control system (you can use annotated diagrams to support your descriptions), and explain 

how the components function in homeostatic control
•  explain the mechanisms of homeostatic control, linking the mechanisms to the components in the feedback control of blood 

glucose
•  explain the the potential effect of a named disruption on blood glucose levels by internal and/or external environmental 

factor(s).
  In your report, you need to integrate and link your descriptions and explanations to form a comprehensive discussion on the 

blood glucose control system for the animal, including factors that lead to a breakdown of the control system.
 Hand your report to your teacher for feedback or assessment.
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Answers – Activity 12A: Homeostatic control of blood glucose
1. Glucose is the raw material for cellular respiration (aerobic respiration occurs in the mitochondria of cells); cellular respiration is 

the process that releases energy in the form of ATP to fuel all cell processes (e.g. DNA replication, protein synthesis). Respiration 
also releases essential heat energy for maintaining body temperature in endotherms. The greater the energy demands of a tissue, 
the more mitochondria in the tissue cells and the greater the amount of respiration that can take place – muscle tissue (especially 
cardiac heart muscle) is the most energy-demanding tissue, therefore requires the greatest amounts of glucose.

2. a. Between 4.4 and 8.0 mmol L–1

 b. i.  From the digestion of food (and certain drinks) and by being released from (stored) glycogen by the action of glucagon.
  ii.  By being converted to glycogen (by action of insulin) or being used by body cells in respiration.
3. Glucose (soluble) is stored as (insoluble) glycogen in the cells of the liver and skeletal muscles.

When the liver cells’ storage capacity is exceeded, surplus glucose is converted to fat and stored under the skin.

4. a.  Stimulates the conversion of glucose to glycogen when blood glucose levels exceed the set point.
 b.  Stimulates the release of glucose from glycogen when blood glucose levels are below the set point.
 c. Triggers the release of insulin from beta cells.
 d.  Stimulates the rapid release of glucose from glycogen in ‘fi ght or fl ight’ response for supply of energy to the muscles.
5. a.  Pancreas contains a region of cell clusters called the islets of Langerhans (an endocrine gland), releasing the hormones insulin 

(from beta cells), glucagon (from alpha cells) and somatostatin (from delta cells) – all of which have a role in the control of 
blood glucose levels.

The roles of insulin, glucagon and somatostatin are covered in the preceding answer to 4.

 b.  Kidneys fi lter the blood – all the glucose in the blood leaves the plasma in the process of fi ltration. The kidney tubules act to 
reabsorb all the glucose back into the plasma (so it can be used in respiration or stored). Without this reabsorption, glucose 
would be lost from the body, resulting in loss of essential energy supplies (for and from respiration).

6. a.  Receptor cells in the pancreas monitor the level of glucose in the blood. When glucose levels rise (e.g. from digestion of a 
meal), the beta cells of the islets of Langerhans are stimulated to produce insulin. Glucose is converted to glycogen and stored 
in the liver. Falling blood glucose levels (e.g. from respiration in muscle tissue):

  • provide feedback to stop production of insulin – no more glycogen is produced
  •  alpha cells of the islets of Langerhans are stimulated to produce glucagon which acts to release glucose from glycogen, 

raising blood glucose levels again.
  Rising level of glucose provides feedback to stop production of glucagon – no more glucose is released for storage.
 b.  Glucose levels are maintained between 0.8 and 1.0 g L–1. Large deviation is allowed before correction so the two controlling 

hormones are never released or are in circulation at the same time – this would otherwise disrupt the homeostatic control 
mechanism.

7. a. Occurs when the body is unable to control the level of blood glucose.
 b.  Type I diabetes results from the cell death of the insulin-secreting cells in the pancreas – thus no insulin can be produced. In 

type II diabetes, insulin is produced but the body cells are insensitive to it. In both cases, high levels of blood glucose occur as 
glucose from the diet is not converted to glycogen and thus glucose remains (at dangerously high) levels in the blood.

 c.  Hyperglycaemia occurs when the levels of glucose in blood become dangerously high (> 8 mmol L–1). Hypoglycaemia occurs 
when the levels of glucose in the blood become dangerously low (< 3 mmol L–1).

8. Teacher feedback for report.
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Activity 13A: Homeostatic control of respiratory gases

1. Name the respiratory gases, and explain why they are called the ‘respiratory’ gases.
2. a.  Give the sites associated with gas exchange in mammals and state what determines the direction of exchange.
 b.  Defi ne the term concentration gradient, and explain its importance to the movement of respiratory gases.
3. Defi ne the term ventilation, and give its role in maintaining the balance of the respiratory gases.
4. Explain how and why ventilation:
 a. increases     b. decreases.
5. Describe the role of the red blood cells and haemoglobin in the transport of:
 a. oxygen      b. carbon dioxide.
6. a. Defi ne a chemical buffer.
 b. Explain why blood buffering is important.
7. a. Give the pH set point for homeostatic control of blood gases.
 b. Explain how the pH of blood may become too acidic.
 c.  Explain how the blood pH is returned to the set point when it becomes too acidic.
8. Distinguish between the following pairs of terms:
 a. acidosis and alkalosis
 b. hyperventilation and hypoventilation
 c. hypoxia and hypoxemia.
9. You have carried out an investigation into the regulation of respiratory gases by an animal. Use the information you have found to 

write a report on the respiratory gas homeostatic control system for this animal. In your report, you need to:
 •  explain the importance (i.e. the adaptive signifi cance) of controlling respiratory gases
 •  describe the components of the control system (you can use annotated diagrams to support your descriptions), and explain 

how the components function in homeostatic control
 •  explain the mechanisms of homeostatic control, linking the mechanisms to the components in the feedback control of 

respiratory gases
 •  explain the the potential effect of a named disruption to the control of respiratory gases by internal and/or external 

environmental factor(s).
  In your report, you need to integrate and link your descriptions and explanations to form a comprehensive discussion on the 

respiratory gas control system for the animal, including factors that lead to a breakdown of the control system.
 Hand your report to your teacher for feedback or assessment.
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Answers – Activity 13A: Homeostatic control of respiratory gases
1. The respiratory gases are oxygen and carbon dioxide; they are called respiratory gases because they are involved with (aerobic) 

cellular respiration – oxygen is an essential raw material (a reactant) for the process, carbon dioxide is a (waste) product of the 
process.

2. a.  Gas exchange occurs between alveoli and capillaries, capillaries and body cells, and cytoplasm and mitochondria of the body 
cells. The direction of exchange is determined by the concentration of the gases on either side of a semipermeable membrane – 
diffusion is from an area of high concentration to an area of lower concentration.

 b.  ‘Concentration gradient’ refers to the situation when there is a difference in concentration of a substance (e.g. O2) between two 
areas on either side of a semipermeable membrane. A concentration gradient is needed for diffusion of substances; the higher 
the concentration gradient (the difference in concentrations on either side of the semipermeable membrane), the greater the 
amount of diffusion across the membrane.

3.  Ventilation is the rate at which air moves into and out of the lungs (to and from the gas exchange surfaces of the alveoli and 
capillaries). Ventilation increases in response to greater demands for oxygen and/or production and release of carbon dioxide.

4. a.  Ventilation increases with increased breakdown of O2 and production of CO2 from respiration; it is the levels of CO2 that 
generate the greater sensory response and hence impact on homeostatic control mechanisms. Respiration increases in cells of 
tissues when energy demand increases, such as in working muscles.

   Chemoreceptors in aortic and carotid bodies detect changes in levels of CO2 and O2 in the blood, resulting in an increase in 
frequency of nerve impulses to the respiratory control centre in the brain. The control centre in turn increases the frequency 
of nerve impulses to the effectors – the intercostal muscles and diaphragm (a sheet of muscle) – which respond to increase 
ventilation by breathing becoming both faster and deeper. This results in more oxygen entering, and more carbon dioxide being 
expelled from, the blood and body.

 b.  Ventilation decreases when production of CO2 reduces as respiration rates fall when energy demand decreases; the frequency of 
nerve impulses to and from the control centre in the brain decreases, resulting in a decrease in ventilation – breathing becomes 
slower and more shallow. Less oxygen enters (lower demand), while less carbon dioxide is expelled from (lower production) the 
blood and body.

5. a.  Oxygen is transported by forming a temporary bond with haemoglobin molecules (forms oxyhaemoglobin) within red blood 
cells. The ability of haemoglobin to bind with oxygen greatly increases the oxygen-carrying capacity of the blood (in the order 
of 70 times) – this greatly improves the supply of oxygen to the body cells, facilitating cellular respiration.

 b.  5–10% of CO2 is transported by forming a temporary bond to haemoglobin (it does not bind to the same site as oxygen) forming 
carbaminohaemoglobin; 70–80% of CO2 is transported as hydrogencarbonate ions in the plasma.

6. a.  A chemical buffer is a substance that reacts with H+ or OH– ions ‘removing’ them from a solution and preventing large changes 
in the pH of that solution so it does not become too acidic or basic. Haemoglobin is able to act as a buffer for blood pH as it 
removes excess H+ ions from solution.

 b. Blood pH needs to be kept in the narrow range of 7.35–7.45 (the set point).
7. a. pH of 7.35–7.45
 b. Excess CO2 production makes blood too acidic, as levels of H+ ions increase.
 c.  Return to the set point requires an increase in pH, achieved by an increase in ventilation which remove excess CO2 so that H+

ion concentration in the blood decreases.
8. a.  Acidosis occurs when the concentration of H+ ions in blood increases beyond the set point; alkalosis occurs when the 

concentration of H+ ions in plasma decreases beyond the set point.
 b.  Hyperventilation occurs when breathing rate is faster and/or deeper than normal – results in more CO2 being expelled from the 

blood and body and blood pH rising (in extreme conditions, this can result in alkalosis). Hypoventilation occurs when breathing 
rate is slower and/or more shallow than normal, resulting in less CO2 being expelled from the blood and body and blood pH 
falling (in extreme conditions, this can result in acidosis).

 c.  Hypoxia occurs when the body or organs are deprived of suffi cient supplies of oxygen. Hypoxemia occurs when arterial blood has 
inadequate supplies of oxygen resulting from haemoglobin saturation being too low (< 90%); hypoxemia may lead to hypoxia.

9. Teacher feedback for report.
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Activity 15A: Processes of evolution (additional questions)

1. Hector’s dolphins are found only in New Zealand  waters. DNA studies have verifi ed the
existence of four regional populations. The North Island and South Island populations are 
reproductively isolated, as measured by DNA differences.

  Levels of gene fl ow between the three regional South Island populations are very low. 
Evidence suggests that the south coast South Island population is a founder from the west coast 
South Island population. It appears the populations are isolated by distance, and dispersal 
happens only between immediately adjacent populations.

Sightings per km2 surveyed

< 0.2 dolphins
0.2–0.4 dolphins
> 0.4 dolphins

Current distribution and abundance of Hector’s dolphin

North Island population, 
also called Maui’s dolphin.
Estimated size 100

South Island west 
coast population. 
Estimated size 5400

South Island east 
coast population. 
Estimated size 1790South Island south 

coast population. 
Estimated size 100

  Discuss the evolutionary processes that appear to be happening between the three South Island populations of Hector’s dolphin. 
In your answer, consider:

 •  the selection pressures acting on the individual populations that contribute to their isolation
 •  the type of evidence that would suggest the south coast population is a founder from the west coast population
 •  the signifi cance of the fi nding that there appears to be little or no gene fl ow between the three populations.
2. The diagram shows how two octoploid species of 

New Zealand ferns (Asplenium terrestre and A. scleroprium) 
may have evolved from two tetraploid species (A. fl accidum
and A. obtusatum).

 a.  Describe what is meant by the terms octoploid and 
tetraploid.

 b.  The genome of A. fl accidum can be represented by 
AABB, while that of A. obtusatum can be represented by 
CCDD. Using these symbols:

  i. explain how the intermediate form is sterile
  ii.  discuss how the process of polyploidy may have 

resulted in the formation of the two octoploid 
species – include in your discussion a comparison of 
the fertility of A. terrestre and A. scleroprium, with 
reference to meiosis.

octoploids (8n)

A. terrestre
A. scleroprium

A. flaccidum

sterile 
intermediate 

form A. obtusatum

tetraploids (4n)
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Answers – Activity 15A: Processes of evolution (additional questions)
1. Selection pressures acting on the individual populations that contribute to their isolation
  The selection pressures must act to keep the populations geographically isolated. The three South Island populations do ‘touch’, but 

these areas are of low population densities – thus there could be ‘little or no gene fl ow between the three populations’.
Selection pressures include any number of environmental factors different in the population centres – e.g. water temperature, clarity 
(affects dolphins’ ability to fi nd food), currents; location of havens for birth of offspring or refuge during storms.

The North Island population is probably reproductively isolated by distance.

Type of evidence suggesting south coast population is a founder from west coast population

Question states ‘populations are reproductively isolated, as measured by DNA differences’.

  The more similar the DNA of two groups, the more closely the two groups are related – their common ancestor will be relatively 
recent. Greater DNA differences indicate two groups diverged a longer time ago – their common ancestor is older.

  A method to measure relatedness involves mitochondrial DNA. mtDNA genes are sequenced and individual mutations examined. 
Comparisons reveal relatedness.
Genetic differences will also become evident as morphological (anatomical, e.g. differences in skeletal characteristics), 
physiological or behavioural differences.

Results from the use of mtDNA might underestimate gene fl ow – young adolescent males tend to migrate. Females are more likely 
to remain in their parental population – and the genetic contribution of males does not show up because they do not contribute 
mtDNA to their offspring.

Little or no gene fl ow between the three populations
‘Little gene fl ow’ could result in populations that are reproductively isolated, but ‘no gene fl ow’ will result in populations that 
are reproductively isolated. Reproductively isolated populations will diverge as a result of different natural selection pressures in 
different areas; populations eventually become different subspecies, then different species – an example of adaptive radiation.
Restriction of gene fl ow is necessary so changes caused by natural selection in any one population are not negated by the continual 
mixing of genes from other populations.

2. a.  Octoploid – having eight copies of every chromosome (8n); tetraploid – having four copies of every chromosome (4n).
 b. i.  The intermediate form does not have homologous chromosomes because it receives one copy of each chromosome from 

A. fl accidum (AB) and one copy of each chromosome from A. obtusatum (CD). Meiosis cannot occur normally to produce 
gametes for sexual reproduction.

  ii.  Hybridisation between A. fl accidum and A. obtusatum has resulted in a sterile hybrid (ABCD). If nondisjunction occurred 
in this hybrid that allowed it to produce gametes, fertilisation of these gametes could have produced A. scleroprium 
(AABBCCDD) – this is allopolyploidy. Nondisjunction could also have occurred in A. fl accidum to produce diploid 
gametes (AABB instead of AB). If these fused, this could have given rise to A. terrestre (AAAABBBB) through autopolyploidy. 
A. scleroprium may be more fertile because its gamete-producing cells contain homologous pairs of chromosomes that 
assort and segregate normally during meiosis. The gamete-producing cells of A. terrestre contain four copies of each 
chromosome. There tends to be an increased chance of nondisjunction occurring between chromosomes when there are 
more than two copies, increasing the chance that meiosis might not occur, so reducing fertility.
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Activity 16A: Modes of speciation (additional questions)

1. Four species of crested penguin are found on various New Zealand islands, which range in climate from temperate to sub-
Antarctic and have differing environmental conditions.

 Some information on crested penguins follows.

Chatham Islands

Bounty Islands

Antipodes Island

Campbell Island

The Snares

Auckland Islands

Stewart Island

New Zealand’s Islands

Snares Fiordland Erect-crested Rockhopper

Species Size Distinguishing Features
Distribution in 
New Zealand

Snares 40 cm, 
3 kg

Black, with white belly. Bright yellow 
crest above the eyes droops down 
back of head. Eyes are slightly red.

The Snares

Fiordland 40 cm, 
4 kg

Black, with white belly. Bright yellow 
crest above the eyes droops down 
back of head.

Fiordland, and 
Stewart Is.

erect-crested 50 cm, 
4 kg

Black, with white belly. Yellow crests 
above the eyes stick straight up.

Antipodes Is., 
Bounty Is. and 
Auckland Is.

rockhopper 40 cm, 
4 kg

Black, with white belly. Yellow crests 
above the eyes stick out at an angle, 
and almost straight down. Red eyes.

Antipodes Is., 
Bounty Is., 
Campbell Is. and 
Auckland Is.

  Using examples from the table, discuss the different reproductive isolating mechanisms that may operate among the New Zealand 
crested penguin species.



Level 3 Biology Study Guide – Activities  51

ISBN 978-0-947504-94-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.©

2. Dracophyllum is a diverse genus of about 50 plant species, three of which are shown. It includes shrubs, trees and cushion plants. 
Dracophyllum are found throughout New Zealand and New Caledonia and in some parts of Eastern Australia.

  All members of the Dracophyllum genus are believed to have evolved from a single ancestor that lived around 24 million years 
ago. All of the 20 or so New Zealand species branched off from an Australian species within the last 8 million years. This is an 
example of adaptive radiation. During that time, New Zealand has been subject to extensive glaciations, changes in sea level, 
mountain building and climate changes.

  Discuss the role of natural selection and environmental conditions in the evolution of Dracophyllum in New Zealand. In your 
answer:

 •  explain how speciation is likely to have occurred

 •  discuss the isolating mechanisms that would have contributed to speciation in Dracophyllum.

3. Plants in the genus Libertia are found 
throughout New Zealand, Australia, and 
South America.

  The table shows the chromosome numbers 
for several of these Libertia species.

Location Libertia species

Diploid 
chromosome 

number

New Zealand L. puchella 38

L. grandifl ora 114

L. peregrinans (except from inland Nelson) 114

L. peregrinans (inland Nelson) 171

Artifi cial hybrids between ixioides and grandifl ora 171

L. ixioides 228

Australia L. puchella (Tasmania) 38

L. paniculata 76

South America L. caerulescens 38

L. formosa (Chile) 76

 a.   Use the information from the table to describe how these different Libertia species have evolved.
 b.  The diploid number of chromosomes in ancestral Libertia is 38. Explain how L. paniculata (2n = 76) could have evolved from 

L. puchella.
 c.  L. peregrinans, from inland Nelson, has a different chromosome number, and is different in appearance, from other 

populations of this species. Explain how this inland Nelson population could have evolved, giving evidence from the table to 
support your answer.
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Answers – Activity 16A: Modes of speciation (additional questions)

1. ‘Four species of crested penguin’ implies adaptive radiation from a common ancestor, and ‘range in climate from temperate to 
sub-Antarctic’ implies different niches and selective pressures.
Map implies geographic isolation, with possibility of migration or dispersal.
Distributions of Snares and Fiordland species do not overlap, but distributions of erect-crested and rockhoppers do.
Differences in crest and eye colour could imply mate recognition and behavioural reproductive isolating mechanism during 
mating displays.
Rockhoppers are same weight but are shorter than erect-crested, implying a stockier body shape (lower surface area : volume 
ratio) which would suit them for the colder Campbell Island.
No mention of hybridisation between any of the species.

  Speciation has produced four related species of penguin that arose from a common ancestor. The mechanism could be allopatric 
through migration to a new habitat (island) and establishment of a breeding population and the action of different selection forces 
(different environmental conditions) on that population.

  Sympatric speciation is also possible (erect-crested and rockhopper species) as speciation did not occur in geographically isolated 
areas, but on the same islands.

  Reproductive isolating mechanisms are ‘any mechanisms that prevent successful interbreeding between individuals that belong to 
two different species or gene pools’. Effect of reproductive isolating mechanisms is to keep the two gene pools separate, allowing 
divergence to occur. 

  Prezygotic reproductive isolating mechanisms prevent mating and the formation of a zygote. Postzygotic reproductive isolating 
mechanisms operate after the zygote has formed.

  In evolution, there is a trend from postzygotic to prezygotic reproductive isolating mechanisms. Individuals that mate but produce 
infertile offspring waste their reproductive effort, therefore any tendency for this to occur will be selected against. Prezygotic 
mechanisms will be selected for as they lead to more successful reproduction.

  The following reproductive isolating mechanisms are possible.
 •  Geographic – it is likely that colonisation of isolated islands occurred and ancestral breeding populations were established; 

applies particularly to the Snares and Fiordland species, whose distributions do not overlap with those of other species.
 •  Ecological – different islands have different environmental factors and hence selective pressures (e.g. climate, food types 

available, etc.); different species evolved different adaptations in response to the different selective pressures.
 •  Behavioural – different species differ in appearance (size, shape, eye colour and position, size and erectness of their crests); this 

is likely to be a reproductive isolating mechanism for the erect-crested and rockhopper species.
 •  Structural – possible differences in size and shape of erect-crested and rockhopper individuals discouraged successful 

interbreeding (less likely between other species because they are geographically isolated).
Post-zygotic reproductive isolating mechanisms (hybrid sterility or hybrid inviability) are most likely between erect-crested and 
rockhopper species because they are sympatric (live in the same habitats).

2. The resource material provides the following relevant information.
•  Dracophyllum species have a variety of forms, adapted to a variety of habitats.
•  Land masses of Australia, New Zealand and New Caledonia suggest migration (probably by viable seeds blown in the wind or 

transported by ocean currents).
•  Glaciations, changes in sea level, mountain building and climate change in New Zealand are correlated with a large number 

of species in New Zealand.
•  Adaptive radiation (from a common ancestor) requires migration to new habitats and adaptation to those new habitats.

 Speciation may have been allopatric or sympatric.
 Allopatric speciation
 •  Speciation in geographically separated land masses – migration into new habitats (from Australia to New Zealand and New 

Caledonia), establishment of new populations. Changes in gene pools – result of natural selection from different environmental 
conditions experienced in the geographically separate areas.

 •  Speciation in isolated populations within New Zealand – this is likely to have occurred as a result of habitat disruption. As a 
result of glaciations, sea level changes, mountain ranges, etc. populations became isolated. For each population, selection 
pressures would be different because climatic, soil and biotic factors would be different. Divergence into different species 
results from prolonged isolation and natural selection. Sea level changes isolate populations on new islands, and mountain 
ranges separate climatically different areas (e.g. Southern Alps separated the moist, mild west coast from the dry east coast with 
its more extreme temperature range).

 Sympatric speciation
 Sympatric speciation occurs without geographic separation.
 •  A change of fl owering period could separate populations and cross-pollination would not occur. Any natural selection pressure 

that affected one group but not the other would encourage divergence, e.g. adaptations to different pollinators.
 •  Polyploidy is a common speciation mechanism in plants. Chromosome doubling can produce 4n plants that derive their 

chromosomes from a single parental species (autopolyploidy) or from an interspecifi c hybrid (allopolyploidy).
 Isolating mechanisms that would have contributed to speciation
  Effect of (reproductive) isolating mechanisms is to keep gene pools of different groups separate and allow the accumulation of 

genetic differences. This divergence could not occur if gene fl ow was possible.
 •  Geographic – gene fl ow between isolated gene pools (interbreeding between individuals in isolated populations) is prevented 

by distance.
 •  Temporal – if plants fl ower at different times of the year, pollen of one group is ready when stigmas of the other group are not 

receptive, so cross-pollination and hence cross-fertilisation cannot occur.
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 •  Reproductive – polyploids are reproductively isolated from their parental species by hybrid infertility. Hybrids (if they occur) are 
triploid (cross between 2n and 4n individuals) and cannot themselves reproduce.

3. a.  Speciation is likely to be both allopatric (geographical separation of New Zealand, Australia and Tasmania; South America) and 
sympatric (instant speciation through polyploidy events; species have multiples of diploid number (e.g. 76 is double 38)).

 b.  L. puchella is parent species and has 2n = 38. L. paniculata has 2n = 76. The most likely explanation is autopolyploidy, with 
simple doubling of chromosomes after fertilisation (amphiploidy). The other possibility is complete nondisjunction in two 
L. puchella gametes (both 2n = 38) to give a 4n (= 76) zygote after fertilisation.

Instant speciation has occurred with isolation by post-zygotic mechanism of hybrid sterility – hybrids will have 
57 chromosomes resulting from 19 from L. puchella and 38 from L. paniculata so will not form pairs during meiosis.

 c.  L. peregrinans (inland Nelson) has 2n = 171. It is likely that it developed from hybridisation between L. peregrinans (2n = 114; 
n = 57) and L. ixioides (2n = 228; n = 114). Fertilisation of gametes from these two species will produce a zygote with 
2n = 171 (57 + 114). This is supported by the evidence that L. ixioides is known to (artifi cially) form hybrids with L. grandifl ora, 
therefore the possibility exists that it is also able to hybridise with other species such as L. peregrinans.
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Activity 17A: Patterns of evolution (additional questions)

1. The following fi gure shows the phylogenetic relationships in cicada species belonging to the genus Kikihia.

K. cutora cutora
K. cutora cumberi
K. cutora exulsis
K. ochrina
K. subalpina
K. horologium
‘tasmani’
K. paxillulae
‘nelsonensis’
K. longula
K. convicta
K. angusta
‘peninsularis’
‘murihikua’
K. rosea
K. scutellaris
K. cauta

‘green foliage’ cicadas

‘grass and shrub’ cicadas

‘shade-singing’ cicadas
                  Kikihia

  Explain whether evolution in cicadas is most likely to have occurred through gradualism or through punctuated equilibrium. 
Support your answer with examples from the phylogenetic tree.

2. There are nine species of plants in the genus Pachycladon. One of these species is endemic to Tasmania, while the rest are endemic 
to the South Island of New Zealand. They have evolved within the last 3.5 million years, during the last Ice Age and when the 
Southern Alps were forming. The species have different physical features and are found in different habitats. For example, they grow 
on different types of soil and rock.

greywacke

grow only 
on greywacke 

no particular 
soil type

no particular 
soil type

grow only 
on schist 

Evolutionary relationships in Pachycladon 

P. fastigiata

P. enysii

P. stellata

P. latisitiqua

P. novae-zealandiae

P. wallii

P. radicata

P. exilis

P. cheesemanii

schist 

 a. Name the pattern of evolution shown by the species in the genus Pachycladon.
 b. Discuss how this group of species could have evolved. In your answer, consider:
  •  geological events   •  selection pressures.
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3. There are many endemic species of cockroach (genus Celatoblatta) in the South Island, which have undergone adaptive radiation 
over the last 6 million years. During this time, the region was fi rst warm and wet, and then heavily glaciated during the last ice 
age.

C. montana

C. laevispinata

C. hesperica

C. anisoptera

C. quinquemaculata

C. montana

C. montana
Mt Taylor

C. pallidacauda

C. peninsularis

C. vulgaris

C. sp.

C. sp.

C. sp.

P. novaeseelandiae

D. variegata

McKenzie

Central

Eastern

Central

 mya 6 5 4 3 2 1 0

Phylogenetic tree for South Island cockroaches (Celatoblatta sp.)

Pliocene (5.5–1.8 mya):
West Coast wet,

East dry

Pleistocene 
(1.8–0.1 mya):

extensive glaciation

Central

Eastern

Mackenzie

200 km

West
lan

d

Can
ter

bury

Locations of Celatoblatta species in the South Island

 a.  Discuss how geological history has affected the adaptive radiation and distribution of Celatoblatta species in the South Island.
 b.  The phylogenetic tree suggests that there are two distinct populations of C. montana on Mt Taylor (in the Central region). 

Explain the signifi cance of these two populations.
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4. The New Zealand parrot family (Strigopidae) consists of two genera of parrots, Nestor and Strigops. The genus Nestor consists 
of the kea, kākā, Norfolk Island kākā and Chatham Island kākā, whilst the genus Strigops contains the fl ightless ground-dwelling 
kākāpō.

KakaKea       Kākāpō
 Nestor and Strigops diverged from the proto-kākā / kākāpō ancestor 60–80 million years ago. Since then, Nestor has gone through 

further divergence:

Phylogenetic tree of the family Strigopidae
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 a.  Describe the patterns of evolutionary change shown in the diagram, and explain how these types of pattern can arise.
 b.  Discuss the reasons for divergence of Nestor, and why the same evolutionary processes have not been evident in Strigops. In 

your answer, consider:
  •  the events likely to have caused ecological divergence of Nestor
  •  the processes that have led to speciation in Nestor
  •  reasons that there has been little evidence of speciation in Strigops (the kākāpō).
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Answers – Activity 17A: Patterns of evolution (additional questions)
1.

Defi nition of gradualism: ‘Evolutionary change (divergence) that occurs at a slow steady rate, i.e. gradually.’
Defi nition of punctuated equilibrium: ‘Evolutionary change (divergence) that occurs in relatively short rapid bursts with longer 
periods of stasis (little change) between them.’

  The phylogenetic tree supports punctuated equilibrium – in all branches of the ‘tree’ there are periods when new species diverge 
concurrently. This suggests related species responding to similar environmental factors / selection pressures (e.g. pairs of species 
that diverge simultaneously include K. scutellaris and K. cauta, ‘murihikua’ and ‘peninsularis’, ‘nelsonensis’ and K. longula, 
K. horologium and ‘tasmani’).

2. a. Divergence or adaptive radiation.
 b. Geological events
   Geological events help to separate populations, which then diverge. Geological events have changed the New Zealand 

landscape in the last 3.5 million years. Ice ages and glaciations separate populations of a common ancestor on different
mountain ranges; changes in sea level separate populations on islands. Emergence of the Southern Alps isolates populations on 
either side. Soil types vary due to different geological parent substrates.

  Selection pressures
  Selection pressures cause divergence.
   In different habitats, selection pressures differ, because environmental factors differ – e.g. alpine vs. lowland habitats. For 

Pachycladon, soils are an important evolutionary driver – some Pachycladon species specialise by existing on greywacke, others 
on schist.

   Natural selection results in a number of different species that have different morphological features (growth habits, leaf shape, 
fl ower structure, height, etc.).

   These species all diverged from a common ancestor, and evolved reproductive isolating mechanisms such that, even if the 
geological barrier disappeared, they remained genetically separate. If the common ancestor:

  •  originated in New Zealand, the Tasmanian species represents migration
  •  originated in Tasmania, the New Zealand species represent migration followed by adaptive radiation.
3.

From the resource material:
•  glaciation dates are given as 1.8 to 0.1 mya; little divergence occurred during this time except for two groups in the central 

region (C. spp. group and the group containing C. montana)

•  most divergence occurred in the Pliocene; as well as having a different climate, the Pliocene is characterised by changing 
shorelines and mountain building.

 a.  Adaptive radiation involves the divergence of a number of related species from a common ancestor – in Celatoblatta, the 
common ancestor existed well before  6 mya. Each species occupies a different niche (often in different geographic areas). 
Reproductive isolating mechanisms keep species separate.

   Allopatric speciation occurs when populations are geographically separated – this occurred when populations became 
separated into three regions (McKenzie, Central and Eastern). There is only one species in the Eastern region, but within the 
other regions there are a number of species which originated from populations isolated within that region (probably the result of 
geological processes that involve mountain building during the Pliocene), e.g.:

  •  forest populations isolated by grasslands or other dry habitats
  •  populations on different mountain ranges separated by wide, alluvial valleys, rivers or grasslands.
   Isolated populations are subjected to different selective pressures; each population adapts differently. Eventually, they evolve 

into distinct species separated by any one of a number of reproductive isolating mechanisms – temporal, behavioural, 
mechanical, hybrid sterility, etc.

 b.  The two populations have only recently diverged (they have a recent common ancestor). Divergence may have occurred 
allopatrically (in separate geographic areas) or sympatrically (in the same area).

   The two populations do not interbreed (gene pools are separate) because there exists a reproductive isolating mechanism – 
geographic, behavioural (e.g. different mating pheromones), temporal (e.g. different breeding seasons), etc.

   These two populations could continue to diverge (reproductive isolating mechanism remains) and become two distinct species.
4. a.  The patterns of evolutionary change are divergent evolution (adaptive radiation and punctuated equilibrium).
  Adaptive radiation
   The ancestor of these New Zealand parrots became isolated when New Zealand split from Gondwana about 80 mya. Adaptive 

radiation occurs when populations of a common ancestor become separated geographically, and each becomes adapted to a 
different ecological niche as the result of different natural selection pressures in their different habitats.

   Within New Zealand, populations of a common ancestor of the two genera (Nestor and Strigops) showed divergence or 
adaptive radiation. About 5 mya this same process continued with the divergence of kea and kākā (they were separated 
geographically and became adapted to different habitats – kākā in the forested North Island and kea in the mountainous South 
Island).

  Punctuated equilibrium
   Periods of rapid evolutionary change (or speciation) interspersed with periods of slow change (stasis). This occurs because new 

habitats become available, often as a result of environmental changes (e.g. ice ages, mountain building, changes in sea level) or 
from dispersal to a new habitat. Nestor showed no divergence until less than 5 mya, when several new species arose.

 b. Speciation in Nestor
   The ancestral kākā evolved in a forested habitat in the North Island (not the same coastline as the present North Island). 

Divergence within kākā occurred as populations established on the Chatham Islands and Norfolk Island, and a population 
became established in the forested parts of the South Island.
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Note the species names given in the diagram. North and South Island kākā have the same species names but different 
subspecies names – i.e. diverged most recently.
The other two species have been assigned different species names, which implies a greater degree of divergence. The 
Chatham Islands kākā has been extinct for 300 years and is known only from incompletely fossilised bones that indicate a 
reduced ability to fl y.
The Norfolk Island kākā is recently extinct, so more is known about this species.

   Speciation in Nestor (species and subspecies) is associated with different islands. This suggests the various species and subspecies 
diverged allopatrically after colonisation of islands by a small number of individuals. On these different islands, different 
environmental factors (natural selection agents) resulted in divergence.

  Reasons for little evidence of speciation in Strigops
   Ancestors of the kākāpō became separated from the ancestors of the kaka about 70 mya. Since then, there has been no 

speciation (i.e. a long period of relative stasis) or only very gradual change. This lack of divergence could be for a number of 
reasons:

  •  no major events to separate the population
  •  kākāpō has evolved into a fl ightless bird, making colonisation of isolated islands unlikely
  •  gene fl ow has remained continuous – genetic differences have not occurred because there has been continual mixing of 

genes between populations
  •  lack of competition – interspecifi c competition for resources encourages divergence; if other species compete for any 

resource, there is evolutionary advantage in specialisation.
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Activity 18A: Primates, hominins and bipedalism (additional questions)
1. Homo and Australopithecus skeletons both 

have pronounced valgus angles, and broader 
and shallower pelvic girdles, compared with 
the chimpanzee skeleton. In addition, the 
big toe in Homo is in line with the rest of the 
toes. In Australopithecus afarensis there is 
some separation between the big toe and the 
remaining toes, and in the chimpanzee the big 
toe is widely separated from the rest.

  Explain the adaptive signifi cance of each of these 
skeletal differences in relation to its impact on 
the effectiveness of bipedalism.

A comparison of the skeletons of a modern human, 
Australopithecus afarensis, and a modern chimpanzee

2. Use the information in the diagrams to answer questions a., b. and c.
 Note: The skulls are not drawn to the same scale.

Homo sapiens Homo erectus Common chimpanzee

 a.  Identify two features of the skulls of H. erectus and the common chimpanzee that indicate a common ancestry.
 b.  Identify two features of the skull of H. erectus that indicates it is ancestral to H. sapiens.
 c.  Identify one major change in the cranium that has occurred between H. erectus and modern humans, and explain its 

signifi cance for human evolution.
3. Give reasons that, in modern humans:
 a.  the teeth are small and uniform in size with the lower teeth set in a small mandible
 b. the zygomatic arch is small
 c. there is no obvious sagittal crest.
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Answers – Activity 18A: Primates, hominins and bipedalism (additional questions)
1. H. sapiens and A. afarensis are/were both habitually bipedal in movement, though structural comparisons suggest bipedalism is 

more effective in H. sapiens. Chimpanzees are mainly knuckle-walkers in movement but are capable of a bipedal gait – during 
bipedalism, they tend to roll from side to side (‘swagger’), which is ineffi cient.

  Valgus angle – this is pronounced in both H. sapiens and A. afarensis, bringing the knees closer together (‘knock-kneed’) and so 
under the centre of gravity so that the body is supported when one leg is raised off the ground (this also needs the knee joint to be 
buttressed to prevent side slippage). Both these adaptations produce the effective gait of these two species and not the ineffective 
swagger of chimps.

  Pelvic girdle – this is short, rounder, wide, shallow (‘bowl shaped’) in both H. sapiens and A. afarensis (pelvis in chimps is long and 
narrow). This gives effective weight transfer from spine to the legs, facilitating bipedal gait (also helps to support the internal organs 
in an upright position).

  Big toe – this is forward facing in H. sapiens for effective bipedal gait, as the body pivots over the big toe (giving a forward thrust) 
with each step. The big toe did not become completely forward facing in A. afarensis, suggesting bipedalism was perhaps not as 
effective as in modern humans (afarensis was likely still to use some degree of quadrupedalism). Chimps have an opposable big toe 
which refl ects their largely arboreal lifestyle, where the foot is used for moving along branches / holding on. Bipedalism is limited in 
chimps, and not for them an effective way of moving.

2. a.  Small endocranium / presence of large brow ridge / receding/sloping forehead.
 b.  Protruding rather than fl at face / no chin / obvious brow ridge / sloping forehead / smaller endocranium.
 c.   Change: High forehead / increased size of cranium/head; language/sensory processing; social interactions.
    Signifi cance: Permits expansion of the forebrain (cerebrum), the part of the brain associated with balance (bipedalism) and 

abstract thinking.
3. a.  Humans have an omnivorous diet and hard or tough food can be cooked to soften it. The jaws (and jaw muscles) are small as 

there are no large teeth (no need for large canine teeth to stab and tear raw meat and gnaw bones or large molars to chew tough 
plant material).

 b.  The chewing muscles are small so only a correspondingly small gap is needed for the muscles to pass through to their 
attachment sites.

 c.  The sagittal crest is the site of attachment for large jaw muscles – small jaw muscles do not need a large/obvious site for 
attachment.
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Activity 21A: Hominin evolution – Homo sapiens (additional questions)

1. Mutations arising within a population can be tracked through the generations to give information on lineage as well as the time 
from the original (‘founder’) mutation. The PTC (phenylthiocarbamide) taster gene, which occurs in humans throughout the world, 
is one that can provide information on human dispersal. The mutant allele, which codes for the inability to taste PTC, arose 100 
000 years ago. Seven different forms of the gene exist in Africa, but only the major taster and major non-taster forms have been 
found in populations outside Africa.

  Explain how this information relates to hypotheses explaining the origin and dispersal of modern Homo sapiens.
2. Investigations into the patterns of genetic variation in modern human populations have been used to support the view that the 

origin of Homo sapiens is the result of a recent dispersal event known as the ‘Out of Africa’ model. Supporting evidence for this 
model has come from studies of mitochondrial DNA (mtDNA), which is inherited through the maternal line. There are fourteen 
ancestral populations in Africa, but only one outside Africa. Discuss the pattern of dispersal this evidence supports and why the 
evidence has been used. In your answer:

 •  describe the ‘Out of Africa’ model
 •  explain why mtDNA was used to provide evidence for this model
 •  explain, using the ‘Out of Africa’ model, why more diversity is found in the African Homo sapiens populations than in those 

of Asia and Europe.
3. A number of theories of human dispersal exist. Two models of the theories can be summarised as shown in the diagrams 

following.

Africa Europe Asia Africa Europe Asia

          

AfricansAfricans

AfricansAfricans

AfricansAfricans

NeanderthalsNeanderthals
EURASIAEURASIA

DenisovansDenisovans

45,000 yr45,000 yr

MELANESIAMELANESIA

Sites of early human remains
Sites of Neanderthal remains

50,000–
60,000 yr
50,000–
60,000 yr

 ‘Out of Africa’ model ‘Multiregional’ model

In 2010, DNA sequencing of Neanderthal specimens indicated that they share as much as 4% more of their genome with non-
Africans than with Africans. Also in 2010, an extinct hominin (called Denisovan) was found to share 4–6% of its genome with 
living humans from Melanesia, and with no other living group.
In 2011, Y-chromosomal analysis indicated that all living human males are descended from an ancestor who lived around 60 000 
to 140 000 years ago (in Africa).
Discuss how well the 2010 and 2011 evidence supports the theories of human dispersal shown earlier.
In your answer, you should:

 •  describe the ‘Out of Africa’ and ‘Multiregional’ theories
 •  explain what the 2010 and 2011 evidence indicates about early human dispersal
 •  discuss how the 2010 and 2011 evidence supports (or otherwise) the theories shown in the diagrams at the start of this 

question.
4. During human evolution, there has been a trend from a hunter-gatherer lifestyle to a settled farming lifestyle.
 a. Outline three advantages and three disadvantages of this change of lifestyle.
 b.  Describe fi ve different developments that made it easier for hominins to obtain proteins, fats and carbohydrates, so improving 

the diet.
5. Discuss the impact of agriculture on the development of permanent settlements. In your answer, you could consider trade, 

division of labour, population size, health and disease.
6. Discuss why and how the mutation that allowed for lactase persistence into adulthood became selected for in European humans. 

Link cultural and biological evolution in your answer.
7. Salivary amylase is an enzyme that has a key role in the digestion of starch into sugars. Chimpanzees have two copies of the gene 

that codes for amylase (a protein). In human evolution, this gene has repeatedly duplicated, so that present-day humans may 
have as many as 15 copies of the gene (the average is six copies). These duplications are likely to have occurred within the last 
100 000 years.

  Discuss why having duplicate copies for the gene that codes for salivary amylase became a selective advantage in recent human 
evolution. Consider both biological and cultural evolution in your answer.
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Answers – Activity 21A: Hominin evolution – Homo sapiens (additional questions)
1. Information supports the Out of Africa / Replacement hypothesis. The non-tasting allele arose 100 000 years ago, which is before 

H. sapiens left Africa (65 000 ya) to become established in Europe and Asia and took the non-taster allele with them. Those 
H. sapiens who remained in Africa subsequently had more mutant/variations of the PTC gene occur.

  The evidence does not support the Multiregional hypothesis, as otherwise all variations/alleles of the gene would be found in 
populations outside Africa.

2. The ‘Out of Africa’ model
  The fi rst species to migrate from Africa was Homo erectus (about 1.8 mya). Regionally distinct populations (races) evolved in Africa, 

Europe and Asia.
  Modern humans evolved in Africa as a separate species. They also migrated about 65 000 ya to other parts of the world. When 

these two species came into contact, Homo erectus was replaced because modern humans were better adapted to live in the 
prevailing conditions. (This could be because they had more advanced tools, better social structures and communication.)

 Why mtDNA was used as evidence for this model
  mtDNA can change only by mutation; it is not subject to recombination, and not exposed to natural selection. Mutations occur 

at a steady rate, allowing mtDNA to be used as a molecular clock to compare relationships between populations/species. mtDNA 
is inherited from the female parent only, so passes down the maternal line of a family. Sequencing of mtDNA has occurred, and 
comparisons of differences due to mutation can be made.

  Why more diversity is found in African Homo sapiens populations than in those of Asia and Europe
  There are fourteen ancestral populations in Africa, but only one outside Africa – this is because:
 •  within Africa, populations of modern humans became isolated and diverged long before any migration to other parts of the 

world occurred
 •  emigrants leaving Africa and establishing populations elsewhere took with them only a sample of the genetic variation present 

in Africa (the ‘founder effect’).
3. ‘Out of Africa’ and ‘Multiregional’ theories
 ‘Out of Africa’ theory
  Homo erectus migrated from Africa about 1.8 mya. Populations established in Europe and Asia became separated geographically. 

No gene fl ow occurred. Homo sapiens evolved in Africa about 200 000 ya. When H. sapiens migrated from Africa (about 
65 000 ya), H. erectus populations were replaced.

  ‘Multiregional’ theory
  H. erectus migrated from Africa about 1.8 mya. Populations became established in Europe and Asia (Peking Man and Java Man). 

The groups became regionally different, but gene fl ow between them was maintained as individuals continued to migrate back and 
forth. Over time, they evolved into modern humans.

 2010 and 2011 evidence and early human dispersal
 2010 evidence – Neanderthals
  Neanderthals (and the Denisovans) diverged about 400 000–500 000 ya from the evolutionary line from which H. sapiens evolved. 

Neanderthals became established in Europe and the Middle East, and their close relatives, the Denisovans, in Asia. As H. sapiens
migrated from Africa, some interbreeding occurred (Neanderthals and Denisovans contributed genetically to those modern humans 
who passed through their geographic areas). Neanderthals and Denisovans did not interbreed or contribute DNA to modern 
humans in Africa; no migration occurred in this direction.

 2011 evidence – Y-chromosome analysis
  All males get their Y chromosome from their father (and their father’s father, etc.) down the male-only line. If the male-only family 

tree of all modern human males is traced back, it converges on a single male, which indicates modern humans evolved and spread 
from Africa.

  How the 2010 and 2011 evidence supports (or otherwise) ‘Out of Africa’ and ‘Multiregional’ theories
 Both types of evidence support the ‘Out of Africa’ model.
  H. erectus migrated from Africa about 1.8 mya. Populations in Europe and Asia became separated geographically. No gene fl ow 

occurred between these isolated populations. Neanderthals diverged from H. erectus in Africa about 400 000 to 500 000 ya and 
spread to Europe and the Middle East, with Denisovan populations in Asia. Neanderthals and Denisovans lived concurrently with 
H. erectus populations in Europe and Asia. 

  H. sapiens evolved in Africa 200 000 ya. These populations must have included the male from whom all anatomically modern 
males get their Y chromosome (and the female, ‘Eve’, from whom all modern humans get their mtDNA). When H. sapiens migrated 
from Africa (65 000 ya), H. erectus populations were replaced. As H. sapiens migrated from Africa, they encountered Neanderthals 
in Europe and the Middle East and Denisovans in Asia. Only minimal interbreeding occurred – the contribution to the modern 
human genome in these regions was small (4–6%). The contribution to the modern human genome by Denisovans is restricted to 
Melanesians, because those people migrated through the Denisovan area to Melanesia but not back again. Although interbreeding 
could support the ‘Multiregional’ model, interbreeding with Neanderthals and Denisovans occurred relatively recently and does not 
support interbreeding and descent from H. erectus populations.

4. a.  Advantages – increased supply of food; dependable supply of food; allowed for division of labour – specialisation, more time 
to carry out other activities (e.g. think, plan, make better tools – more rapid technological advances); trade with other groups 
(improved supply of needed goods); improved defences against predators; improved transport (pack animals).

   Disadvantages – increased risk of pest and diseases of crops (from monocultures); increased risk of disease spread (from living in 
closer contact for longer periods of time); increased likelihood of territorial disputes (‘envy’); decrease in soil fertility over time, 
so crop failure.
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 b. •  Increasing sophistication of tools, making it possible to kill and butcher larger animals and to catch a wider range of 
animals. Scavengers became hunters.

  •  Use and maintenance of fi re, so tuberous roots and animal fl esh could be cooked / made easier to digest.
  •  Communication through speech and art; methods of hunting could be taught to others.
  •  Agriculture allowed easier access to more constant plant food supplies.
  •  Domestication of animals, e.g. sheep and goats for milk, meat.
5. As people became more skilled at farming, they formed permanent settlements, especially near constant sources of water for plants 

and animals. They grew extra food to trade with other people for different crops, goods and services. They had more time to learn 
and develop skills like art, making pottery, preparing herbal medicines and making technological advances, like inventing the wheel 
and the plough. There was greater division of labour required for planting, tending, harvesting and storing food plants and caring for 
animals, so, as population numbers increased, slaves were often kept. Permanent human settlements provided an environment that 
encouraged disease-causing organisms (bacteria, fungi, viruses), dependent on man and his domestic animals, to fl ourish. Trading 
also facilitated the spread of disease. There would have been fi ghting over boundaries and territory. 

6. Lactose is the sugar in milk. In mammals, infants feed on their mother’s milk. During this period, the gene that codes for the 
enzyme lactase (responsible for the digestion of lactose) is switched on. Digested lactose provides an infant with a source of energy. 
When an infant is weaned (i.e. no longer feeds on the mother’s milk), the gene that codes for lactase is switched off. A mutation 
occurred early in human evolution that resulted in the switch that stops lactase production no longer being turned off, resulting in 
the production of lactase (and therefore digestion of lactose) continuing into adulthood. It is likely that this mutation was neutral 
until humans began cattle farming in Europe. Milk, a rich source of nutrients including lactose, is sometimes referred to as the 
‘perfect food’. Being able to digest lactose into adulthood provided a selective advantage as the individual had increased energy 
from food to fuel other body functions. Diet improved and the individual was healthier and survival chances increased. Therefore, 
the mutation for lactase persistence increased in frequency in the gene pool in populations where cattle farming was carried out, 
mainly in Europe. Cultural evolution (cattle farming) acted as a selecting agent for biological evolution (lactase persistence).

7. Amylase, an enzyme (a type of protein), is coded for by a gene. Amylase is secreted into the mouth in saliva and begins the 
breakdown of starch from food into sugars. The greater the production of amylase, the more starch is digested per unit of time. The 
more duplicates of the gene coding for amylase there are, the greater the production of amylase – therefore the more rapid the 
digestion of starch into the sugars essential for cellular respiration. More sugar makes it possible for the respiration rate to increase, 
and therefore more energy is released for body processes (including the contraction of muscles). Duplications of the gene for 
production of amylase were therefore selected for in human evolution as individuals obtained energy more quickly to fuel muscles 
(greater survival chances – e.g. escaping predators, hunting success, work output, ‘fl ight and fl ight’) and brain functioning (brain 
needs 20% of body’s energy). When early humans began cultivating crops (e.g. wheat, rice, barley, corn) the amount of starch in the 
diet greatly increased; those individuals able to produce more amylase could utilise the increased starch more quickly. Therefore, 
the mutations for amylase duplications were selected for and increased in frequency in populations where cultivating crops was 
carried out. Cultural evolution (cultivating crops) acted as a selecting agent for biological evolution (amylase duplications).
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Activity 22A: Genetic engineering techniques

1.  Defi ne the term ‘genome’.
2.  Describe the use of each of the following in the sequencing of a genome:
 a.  plasmid vectors 
 b.  gel electrophoresis.
3.  Explain why restriction enzymes are a valuable tool in genome analysis.
4.  State the purpose of DNA sequencing.
5. Give the DNA sequence of the piece of DNA shown in the diagram on page 327 of Level 3 Biology Study Guide.

6.  Shown is a graphic representation of part of a gel after 
the DNA fragments have been run through it in manual 
sequencing.

  Give the sequence of bases found on this fragment of DNA.

Loading end

A C G T

7.  Give the function of the following in DNA sequencing:
 a.  PCR (polymerase chain reaction)
 b.  nucleotide analogues
 c.  fl uorescent dyes
 d.  gel electrophoresis.
8. Explain how DNA sequencing could be used to determine genetic relationships.

9. The diagram following shows the steps (1)–(4) in the process of PCR.
 a. Give the function of each step.
 b. i. Which step represents a molecule of ‘normal’ DNA?
  ii. Which step shows DNA primer molecules?

(1)

(2)

(3)

(4)

10. a.  State how many DNA molecules would be produced after fi ve cycles of PCR. 
 b.  Give the fi rst four bases of the primer used to start the copying of the following section of DNA:
  5’ GCTGATAACG………GTTTAACGTA 3’ 
 c.   Describe one signifi cant difference between the DNA polymerase used in PCR and that used in normal cell reproduction.
 d.  Explain the importance of temperature in the PCR process.
11. PCR can be used to clone genes. Give two advantages of using PCR compared with using vectors in gene cloning.
12. ‘Care must be taken with PCR to ensure that no contamination with foreign DNA occurs.’ Describe how PCR may become 

contaminated with foreign DNA and describe the result of such contamination.
13. Explain what is meant by:
 a. gene cloning
 b. recombinant DNA
 c. vector
 d. transformation.
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14. Do a quick bit of research to fi nd out and describe the key aspects of a:
 a. bacteriophage
 b. retrovirus
15. Defi ne a plasmid, and state where plasmids are found.
16. Explain why cDNA is used in gene cloning rather than normal DNA.
17. Explain the need for poly-A and poly-T tails.
18. The diagram shows the main steps in the cloning of a gene.

Bacterium

Bacterial 
chromosome

Recombinant DNA 
(plasmid)

Recombinant 
bacterium

Isolation of plasmid DNA and DNA 
containing gene of interest

Cell containing 
gene of interest

Gene of interest

Gene inserted 
into plasmid

DNA of 
chromosome

Plasmid put into 
bacterial cell

Plasmid

 a. Explain how the gene of interest (see ➊) is removed then inserted into a plasmid.
 b. Describe how a transformed bacteria may be recognised.
 c. Describe how multiple copies of the gene of interest result.
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Answers – Activity 22A: Genetic engineering techniques
1.   The full complement of genetic material in an organism.
2.  a.  Used to clone the DNA to form clone libraries.
 b.   Used to separate, on the basis of their size, DNA fragments and fragments of sequenced DNA.
3. Restriction enzymes cut DNA at specifi c (known) sites (recognition sites) – this makes it possible to remove genes of interest / target 

DNA. The same restriction enzyme allows plasmids to be cut at the same recognition sites so that the target DNA can be inserted 
for cloning / to form clone libraries.

4. Gives the specifi c order of bases in a DNA molecule / gene.
5.  G C C A T T T G A A G C
6. C T T G C T G A A C G T G
7.  a.   Replicates the fragments of target DNA using both normal and ‘terminator’ nucleotides.
 b.   Modifi ed nucleotides which terminate replication at that point when they bond to their base pair (hence the other term 

‘terminator’ nucleotides).
 c.   Indicate position of termination, identifying (by colour) the base which is at that position in the DNA.
 d.   Separates out the fragments of DNA depending on length (i.e. the number of bases in the fragment). Shortest fragment has only 

one base; next shortest has two bases, and so on.
8.  DNA sequencing gives the order of bases in genes. The more closely related two individuals are, the more similar their sequences of 

bases. Therefore, differences in base sequences in genes can determine how close a relationship is.
9. a. (1) DNA molecule to be amplifi ed.
  (2) DNA denatured into single strands by exposure to high temperatures.
  (3) DNA primers bond to each strand to indicate starting point for replication/ extension.
  (4) (taq) DNA polymerase bonds free nucleotides to base pair at lowered temperatures (annealing) to form two DNA molecules.
 b. i. Step (1)

  ii. Step (3)

10. a.  32    b.  TACG    
 c.   PCR DNA polymerase is heat stable – i.e. is not denatured at high temperatures, unlike normal DNA polymerase.
 d.   High temperatures are needed to break the H bonds that hold the base pairs together so that DNA can become single stranded 

(denatured). Cooler temperatures are needed for H bonds to be re-formed between the DNA primers and strands to indicate 
starting positions for replication. Cooler temperatures allow annealing of bases (by formation of H bonds) in replication. 
Therefore, high temperatures are essential for denaturing, and cooler temperatures are essential for annealing and extension of 
DNA.

11. PCR is faster than using bacteria; PCR product does not need purifying unlike bacterial product; PCR always copies desired gene 
while bacteria do not always transform (i.e. take up the gene of interest); PCR needs only small amounts of DNA while many 
recombinant plasmids need to be made to ensure some transformation.

12. DNA for sampling may have DNA from other sources with it; DNA may come from humans working with it, e.g. from hair, fl akes of 
skin, dirty equipment, microbes, e.g. in air in lab. The contaminating DNA will be amplifi ed along with the sample DNA, making 
the sample useless for analysis.

13. a.  The making of multiples copies of a particular gene / gene of interest.
 b. DNA formed by combining DNA from two different sources.
 c.  Device (commonly viruses or plasmids) used to transfer genes/DNA between sources.
 d. Uptake of plasmid(s) by bacteria.
14. a.  A bacteriophage (‘phage’) is a virus that infects bacteria – phages are parasites. The phage is made of a protein sheath inside 

which is DNA. The phage DNA is inserted into the attacked bacterium. The phage DNA then uses material in the bacterium to 
replicate then transcribe and translate so that new phages are produced. These will break out through the wall of the bacterium 
and subsequently infect other bacteria.

 b.  Unlike a bacteriophage, a retrovirus has RNA instead of DNA as its genetic material. Therefore, when a retrovirus infects a 
cell it injects RNA. The fi rst step in producing more retroviruses is to make viral DNA – this occurs in the process of reverse 
transcription (opposite process of transcription) which uses the enzyme reverse transcriptase.

Retroviruses attack many different kinds of cell, not just bacteria – the viruses that cause respiratory diseases in humans 
(common cold and infl uenza) are retroviruses.

15. A small circular piece of DNA, found in bacteria.
16. cDNA is much shorter than normal DNA because the introns have been removed; therefore it can be spliced into plasmid or viral 

DNA.
17. Poly-A tails bond to blunt ends of the gene of interest after RE cutting, poly-T tails bond to the plasmid blunt ends after (same) RE 

cutting – allows the pair bonding needed to make recombinant DNA.

DNA molecule

DNA primer
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18. a.   The gene of interest is removed by cutting with an RE, which also cuts the bacterial plasmid at same recognition site. Then it is 
spliced into the plasmid using DNA ligase to bond the phosphate-sugars so recombinant DNA results.

 b. •  Using antibiotic resistance – the recombinant plasmid has a gene resistant to a particular antibiotic (e.g. ampicillin); this 
gene is lacking in the host bacteria. If a host bacterium takes up the recombinant plasmid, it will then become resistant and 
survive on a culture containing the antibiotic.

  •  Using the presence or absence of a particular digestive enzyme. When grown on a medium containing the colourless 
modifi ed sugar galactose, normal bacteria digest the sugar and colonies turn blue; transformed bacteria cannot digest the 
sugar and their colonies remain white (colourless). 

 c.   Transformed bacteria multiply rapidly in lab conditions, so producing many copies of the gene of interest.



Level 3 Biology Study Guide – Activities  68

ISBN 978-0-947504-94-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.©

Activity 23A: Selective breeding

1. Defi ne selective breeding, and outline the main steps in the process.
2. Explain how the following have aided the process of selective breeding in animals:
 a. AI (artifi cial insemination) b. embryo transfer  c. genome analysis.
3. Explain how the following have aided the process of selective breeding in plants:
 a. grafting      b. cuttings    c. plant tissue culture   d. polyploidy.
4. Fruit farmers can grow new plants from a small ‘cutting’, which is a piece of an existing plant. Usually, it is a piece of stem with 

a few leaves. Explain the advantages to a fruit grower of using this method of reproduction compared with growing plants from 
seeds.

25 mm

View of cutting

View of parent plant

less than
50 mm

5. The fi rst animals domesticated by humans included dogs, sheep, cattle, horses. For each of these, give characteristics that have 
been selected by breeders, and suggest reasons for the characteristics being seen as desirable.

6. Modern sheep exist as wild forms (such as the barbary and moufl on) in certain parts of the world and as domestic forms (such as 
the romney and merino) on farms throughout the world.

  The wild forms of sheep have characteristics that are the result of natural selection. Typically, they are large, horned, agile animals 
with a cryptically coloured fl eece that is shed annually. They tend to be diffi cult to tame.

  The domestic forms of sheep exist as different breeds that are the result of artifi cial selection. While each breed has defi ned 
characteristics, modern sheep are typically smaller, stockier and more placid than their wild relatives. Their fl eece is usually white 
and is usually not naturally shed. Their meat has a lower percentage of fat. 

 a. Compare and contrast the processes of natural and artifi cial selection in the evolution of modern sheep.
 b.  One modern breed of domestic sheep is the Drysdale, which is characterised by having a hairy rather than a woolly fl eece.

 Drysdale ram Romney ewe 

   In 1931, a ram belonging to the Romney breed was seen to have a hairy rather than a normal woolly fl eece. This was 
discovered to be the result of a dominant allele (H), and that the ram was heterozygous for the trait. Romney sheep are 
normally homozygous recessive for wool.

   Using this ram, New Zealand scientists established a selective breeding programme during the 1930s and 1940s that resulted 
in the Drysdale breed.

   Explain in detail how the scientists could have produced pure-breeding Drysdale sheep from the original ram. You may use 
Punnet squares to assist your explanation. 
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7. a. Defi ne polyploidy, and distinguish between autopolyploidy and alloploidy.
 b. Give examples of human development of polyploid plants.
 c. Give the signifi cance of the chemical colchicine in developing polyploids.
 d.  Give both the advantages and disadvantages of developing seedless varieties of plants such as bananas and watermelons.

Seedless watermelon

8. Inbreeding is a widely used technique in selective breeding.
 a. Describe what is meant by inbreeding.
 b. Explain the main biological implications of using inbreeding.
9. Many of our crop plants are monocultures.
 a. Describe what is meant by a monoculture.
 b. Explain the main biological implications of developing monocultures.
10. Selective breeding by humans over the past 10 000 years has resulted in the wide variety of different domestic breeds of animals 

and varieties of plants in existence today. However, selective breeding has had a large impact on genetic diversity. Discuss the 
biological implications of selective breeding on genetic diversity for a named species.

11. Select an organism that has been or is being produced through selective breeding. Research the organism and fi nd information on 
the following.
a.  The biological ideas related to how humans manipulate genetic transfer in the selective breeding of your chosen organism.

 b. The biological implications of the manipulations, such as the impact on:
  • ecosystems
  • genetic diversity
  • health or survival of individuals
  • survival of populations
  • evolution of populations.
 c.  Write a report, in which you need to:
  i.  explain the biological ideas relating to the selective breeding of your chosen organism
  ii.  explain at least two biological implications related to the selective breeding of your organism
  iii.  link the biological ideas to the biological implications – this can be done by justifying, relating, evaluating, comparing and 

contrasting, analysing.
 d. Submit your report to your teacher for feedback.
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Answers – Activity 23A: Selective breeding
1. Selective breeding involves selecting and breeding certain individuals based on their phenotypic traits (ones humans deem 

desirable) so these traits are passed on to successive generations. The alleles for these traits increase in frequency in the gene pool 
and may become fi xed.

  Males and females with the desirable traits are bred together. Offspring with the desirable traits are bred together (inbreeding) and/
or bred with the respective parent (back-crossing) to increase the chances of the next generation having the desirable traits. In any 
generation, offspring that lack the traits are removed from the breeding programme (culled). As individuals need to be homozygous 
for the traits so that they will be pure breeders, test crossing is typically needed to determine homozygous (pure breeders) from 
heterozygous individuals (non-pure breeders, which are culled). The process take time and trial and error (e.g. to determine and remove 
heterozygotes from the breeding programme) before a new breed or variety results (i.e. which always produces the desired traits).

2 a.  AI allows large number of females to be impregnated by semen from one male that has desirable traits. Semen can be analysed 
so sperm that contain the needed alleles and have no defects are used in AI. This increases the chances of producing healthy 
offspring with the desirable traits. The process is cheaper (need only buy semen, not the male animal), less risky (possible harm 
to female in mating process), and semen can be sourced from males anywhere in the world.

 b.  Embryo transfer allows large numbers of embryos containing alleles for desirable traits to be grown using surrogate mothers 
(rather than just one embryo developing in the original mother) – this results in a large number of offspring with the desirable 
traits being born (not just one) during a breeding season.

 c.  Genome analysis allows DNA of eggs and sperm to be analysed in vitro to determine the presence of alleles for desirable traits – 
only these gametes are used in breeding programmes. Fertilisation is in vitro, with embryos transplanted into donor females. This 
greatly increases the number of offspring with the desirable traits.

3. a.  Breeders take tissue from plants with desirable traits then graft this tissue onto strong, vigorously growing root stock. If the 
vascular tissue combines successfully, the tree that results will produce the desirable trait (e.g. fruit). Desirable trees can be 
grown in a shorter time than if seedlings were planted (seedlings result from sexual reproduction, so the traits they display 
are subject to chance; grafting, however, since it can be considered a form of asexual reproduction, will always produce the 
required phenotype).

 b.  Cuttings enable breeders to take part of a plant (e.g. a side shoot) with desirable traits and have this grow into a ‘clone’ of the adult 
plant that will also produce the desirable traits. The cutting has hormones applied, is planted, forms roots and grows into an adult 
plant. Desirable trees can be grown in a shorter time than if seedlings were planted (seedlings result from sexual reproduction, so the 
traits they display are subject to chance; a tree grown from a cutting, however, since it is a form of asexual reproduction, will always 
produce the required phenotype).

 c.  Plant tissue culture enables vast numbers of plants with known genotypes (and known phenotypes) to be grown quickly. The 
plants are grown from tissue extracted from a plant that has the desired traits, so are all clones – a form of asexual reproduction.

 d.  Polyploidy enables breeders to produce plants that have multiple sets of chromosomes. This has resulted in plants being bigger, 
stronger, more vigorous, seedless or producing bigger fruits. Polyploid plants tend to be more productive than normal diploid 
plants.

4. Plants grown from cuttings are genetically identical to the parent / have the same genetic makeup, i.e. the same charateristics as the 
parent / will grow more quickly into entire plants. Plants grown from seeds will have greater variation / be genetically different. As a 
result, fruit farmers using cuttings will have an orchard of trees of consistent/known quality / will be able to harvest fruit sooner.

5. Dogs – herding ability (e.g. mustering of sheep, herding cattle); guarding ability (e.g. police dogs); sense of smell (e.g. ‘sniffer’ 
dogs); hunting ability (e.g. hounds for hunting deer, foxes; terriers for hunting smaller animals such as rats); retrieving ability (bird 
shooting); shape, colour, hair type and texture (e.g. for beauty, showing).

  Sheep – type, texture, length of wool (e.g. specifi c uses such as carpets, fi ne clothing, blankets); production of meat (e.g. low fat 
content, productivity); fertility (e.g. multiple births – twins and triplets – to increase lambing yield).
Cattle – production of milk (high yield); production of meat (high yield, low fat content); docile nature (ease of handling).
Horses – strength (e.g. pulling carts); speed (e.g. for war, sport of racing); size, shape, colour (e.g. for beauty, show horses); docile 
nature (e.g. for ease of handling).

6. a. Similarities
  •  Phenotypes of the species change through selection – e.g. varying types of wild sheep and great range of domestic breeds today.
  • Involve changes in frequency of alleles in the gene pool.
  Differences

Natural selection: Artifi cial selection:

•  natural environment selects the phenotypes to survive 
and breed – e.g. annual shedding of wool

• humans select the phenotypes to survive and breed – e.g. 
fl eece not shed (needs shearing – Shrek!)

•  fi ttest phenotypes are selected – e.g. presence of 
horns

• phenotypes with the most desirable features are selected – e.g. 
absence of horns

•  dominant alleles are selected for if advantageous (e.g. 
hairy fl eece) and typically predominate in populations

• recessive alleles are frequently selected (e.g. woolly fl eece), 
and so predominate in the population

•  harmful alleles are selected against – e.g. white fl eece, 
as it attracts predators

• harmful alleles (e.g. white fl eece), if seen as desirable, are 
nevertheless selected for; many breeds resulting from artifi cial 
selection have characteristics that would have been selected 
against in the wild (e.g. extremely hairy fl eece of the Drysdale)

•  species becomes more fi t • species/breeds may become less fi t

•  typically, a combination of features are selected • typically, discrete features are selected

•  does not result in perfection! • strives for perfection!
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b. Ram (Nn) crossed with Romney ewe (nn) to produce 
heterozygous hairy offspring (Nn).

 Nn × nn

n n

N Nn Nn

n nn nn

  The hairy offspring (Nn) from this cross are bred together 
(or to the father) to produce offspring that are homozygous 
dominant (NN) or heterozygote (Nn) for hairiness. These are 
now bred to recessive/woolly/Romney/nn individuals (i.e. a 
test cross) to fi nd the homozygous dominant individuals (i.e. 
Drysdales).

 Nn × Nn

N n

N NN Nn

n Nn nn

  The individuals that, after multiple breedings, produce only 
hairy offspring, will be homozygous dominant for hairiness, 
so will form the breeding stock for the Drysdale breed.

 Test cross involves: 
Nn × nn and/or NN × nn

 Nn × nn

n n

N Nn Nn

n nn nn

Offspring have 50% probability of being homozygous 
short haired (Romney), indicating heterozygote parent – 
so, not suitable for breeding

  Offspring have 100% probability of being long haired, so 
parent is homozygous long haired (Drysdale) and so suitable 
for breeding Drysdale sheep.

 NN × nn

n n

N Nn Nn

N Nn Nn

7. a.  In polyploidy, each chromosome is represented three or more times; it occurs when a normally diploid cell or organism 
acquires one or more additional sets of chromosomes. In autopolyploidy, all the sets of chromosomes come from within a single 
species. In alloploidy, the sets come from different species.

 b.  Triploid (3n) bananas; tetraploid (4n) cotton; hexaploid (6n) kiwifruit, loganberries; octaploid (8n) strawberries.
 c.  Colchicine prevents formation of the spindle in meiosis, resulting in nondisjunction of the chromosome pairs (in meiosis I) and/

or the chromatids (in meiosis II). Humans use colchicine to induce nondisjunction so diploid gametes result which can then go 
on to form polyploid offspring.

 d.  Seedless plants are desirable for consumers as there is no problem swallowing or disposing of seeds when eating the fruit. 
However, these varieties are infertile, so can only propagate asexually. This results in lack of variation within a variety (only 
source of variation is mutation). If one plant is susceptible to attack by disease-causing pathogens, then so will the whole variety 
be since all plants are genetically identical. The whole crop could be wiped out – this is the fear with banana crops such as the 
Cavendish variety.

8. a.  Inbreeding is the breeding together of closely related individuals (e.g. offspring with a parent or with a sibling).
 b.  Inbreeding increases the chance of alleles for desirable traits coming together in the genotype. Inbreeding tends to decrease 

genetic variation within a population which means reduced chances of novel alleles being present that might confer immunity 
to a new pathogen. Inbreeding also increases the chances of harmful alleles coming together in the genotype, resulting in an 
increase in genetic disorders, resulting in decreased evolutionary fi tness.

9. a.  A monoculture is the cultivation of a single crop variety. The crop is typically very genetically uniform.
 b.  Monocultures lack genetic diversity – see 8. b. for biological implications of this. Monocultures also provide a large source of food 

for herbivores, especially herbivorous insects which become pests as they eat and damage signifi cant amounts of the crop (can 
even wipe it out). This has led to the development of pesticides to control insects – these have signifi cant ecological implications 
as pesticides can also remove non-harmful and/or useful species (e.g. honeybees) with subsequent fl ow-on effects to food chains 
and pollination. Pesticides accumulate along a food chain, impacting especially on top carnivores. Pesticide resistance develops, 
leading to overuse of pesticides or the creation of new pesticides. Pesticides in soil can damage soil ecosystems and accumulate if 
they are slow to break down.

10. Discussion needs to consider aspects such as:
 •  increased diversity within species as a whole (from increased variety of breeds) – more raw material for natural selection to work 

on
 •  decreased diversity within a breed – advantages are favourable alleles increase in gene pool, disadvantages are unfavourable 

alleles also increase in the gene pool
 •  genetic disorders – health and survival of individuals
 •  ecological impact – e.g. on food chains (depends on species selected).
 Hand your discussion to your teacher for their feedback on how well you have linked your ideas to form a discussion.
11. Teacher feedback. 
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Activity 23B: Transgenesis

1. Defi ne a transgene, and give its composition.
2. Defi ne the term transgenesis, and explain the roles of restriction enzymes and DNA ligases in the process.
3. Suppose you wanted to insert a section of human DNA into a plasmid.

Explain why you would you use the same enzyme to cut out the human DNA and to open the plasmid.
4. Defi ne a plasmid, and explain the role of plasmids in transgenesis.
5. Describe what happens in transformation.
6. Defi ne a bacteriophage, and explain the role of phages in transgenesis.
7. Describe the role of Agrobacterium tumefaciens in transgenesis.
8. Explain why, if an animal or plant gene were to be transplanted unaltered into a bacterium, the gene could not be expressed.

9.

a y, a a a o p a t ge e e e to be t a sp a ted u a te ed to a bact

Green light for blue rose

After 12 years of research, 

scientists in Australia have 

genetically modifi ed a rose to 

produce blue fl owers. The rose 

produces a blue pigment called 

delphinidin after the insertion 

of enzyme genes from viola 

and torenia plants, both of 

which naturally produce blue 

fl owers.

 a. Give the human demand that has led to the production of blue roses.
 b. State the technique scientists would have used to obtain the genes from the viola and torenia plants.
 c. Outline the likely procedure the scientists used to get the ‘blue’ genes into the genome of the rose.
10. Cystic fi brosis (CF) is a genetic disorder that affects mostly the lungs, but also the pancreas, liver, kidneys, and intestine. One form 

of CF is caused by a mutation where three bases have been deleted from a gene coding for a protein that controls the chloride ion 
balance in cells. American doctors have succeeded in curing mice with cystic fi brosis by introducing a normal gene into embryo 
mice by a virus while the embryos were still in utero.

 a.  Describe how enzymes would have been used to isolate the healthy gene and insert it into the virus.
 b.  It is hoped that one day, a similar technique will be used to cure human sufferers of cystic fi brosis.
   Explain why great care would need to be taken before this technique was carried out in humans.
11. Select an organism that has been or is being produced through transgenesis. Research the organism and fi nd information on the 

following.
 a.  The biological ideas related to how humans manipulate genetic transfer in the creation of your chosen transgenic organism.
 b. The biological implications of the manipulation, such as the impact on:
  • ecosystems
  • genetic diversity
  • health or survival of individuals
  • survival of populations
  • evolution of populations.
 c.  Write a report, in which you need to:
  i.  explain the biological ideas relating to the use of transgenesis to create your chosen organism
  ii.  explain at least two biological implications related to the use of transgenesis to create your organism
  iii.  link the biological ideas to the biological implications – this can be done by justifying, relating, evaluating, comparing and 

contrasting, analysing.
 d. Submit your report to your teacher for feedback.
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Answers – Activity 23B: Transgenesis
1. A transgene is the genetic material / DNA / gene that is removed from one organism and inserted into the genome of another 

organism of a different species. The transgene is composed of a promoter sequence, a coding region and a stop sequence.
2. Transgenesis is the transference of a transgene from an individual of one species and its insertion into the genome of an individual 

of a different species.
3. Restriction enzymes cut DNA at specifi c base sequences (recognition sites) regardless of the source of the DNA. Therefore, a 

specifi c restriction enzyme such as EcoR1 will always recognise the same base sequence (GAATTC) and cut it at same position to 
get the same sticky ends.

5’ .  .  .  G  A  A  T  T  C  .  .  .  3’
3’ .  .  .  C  T  T  A  A  G  .  .  .  5’ Create

sticky
ends

  Therefore, the required human DNA (the transgene) can be inserted into the cut plasmid (the vector) with the sticky ends bonding to 
the complementary bases (ligation).

4. A plasmid is a small, circular loop of DNA found in a bacterium. A plasmid is a site for the insertion of a transgene (forms 
recombinant DNA). The plasmid is taken up by a bacterium (transformation), which then produces multiple copies of the transgene 
(gene cloning) with bacterial reproduction. The plasmid therefore acts as a vector for the transgene to be cloned.

5. Transformation is the process by which a bacterium incorporates a plasmid into its cytoplasm (hence its genome).
6. A bacteriophage is a virus that attacks and ‘parasitises’ bacteria. Transgenes can be inserted into phages using restriction enzymes + 

ligase (as for plasmids); when the modifi ed phages attack a bacterium they insert their recombinant DNA into the bacterium which 
can then be cloned when the phage reproduces. Therefore, like plasmids, phages act as vectors in gene cloning.

7. Agrobacterium is used as a vector to incorporate the transgene into the genome of the host plant. The Ti plasmid of Agrobacterium
is made recombinant with the transgene, and this is inserted into the plant cell when the bacterium enters through a wound site.

8. It would contain introns, which the bacterium could not remove, making the DNA much too long to be incorporated into the 
bacterial plasmid. Therefore, the transgene will not be incorporated into the bacterial genome, so cannot be expressed.

9. a.   Human desire for beauty; something novel or different; profi ts to farmers/companies in producing a novel product (quickly and 
cheaply) which people will buy.

 b.   ‘Blue’ genes cut out of donor plant’s genome using restriction enzymes.
 c.   It is likely that the ‘blue’ genes are inserted into isolated Ti plasmid of Agrobacterium using RE and ligation. Agrobacteria 

transformed with recombinant plasmids enter rose cells in cultures and ‘blue’ gene is incorporated into genome to be expressed 
in the fl owers of mature plants grown by tissue culture.

10. a.  A specifi c restriction enzyme is used to cut the normal gene from mouse DNA and to cut open the viral DNA at the same 
recognition sites – to give the same sticky (or blunt) ends. The enzyme ligase then bonds the complementary bases, annealing 
the mouse gene into the viral DNA.

 b.  There is a need to ensure the virus doesn’t adversely affect humans by causing disease, particularly in vulnerable foetal tissue 
where effects may be unknown. There is also the need to ensure the foetus isn’t damaged by the insertion technique (possibility 
of miscarriage or post-natal effects).

11. Teacher feedback.
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Activity 23C: Whole organism cloning

1. a. Explain why people may want to clone plants and animals.
 b. Explain why clones may not be identical to the ‘parent’.
2. a. Explain the main biological disadvantage with cloning.
 b.  Explain how the issue that ‘clones will be the same sex as the “parent”’ may be overcome.
3. a. Defi ne the following terms:
  i. totipotent   ii. explants  iii. callus.
 b. Outline, by listing, the main steps in plant tissue culture (micropropagation).
 c.  Give the main advantage of tissue culture over methods of plant propagation such as grafting and taking cuttings.
 d. i. Defi ne transgenesis.
  ii. Explain how and why the explant may be made transgenic.
4. Defi ne SCNT, and outline, by listing, the steps in this procedure.
5.  In 1983, a woman in the USA discovered a pregnant cat with very short 

legs. The short legs were later found to be caused by a mutated dominant 
gene which causes shortening and bowing of the long bones of the legs. 
The cat gave birth to a litter of kittens, of which half had short legs and 
half had normal-length legs. Selective breeding was used to establish a 
new breed of short-legged cats, now known as the Munchkin breed. 

 a.  i.   Outline how selective breeding could have established the 
Munchkin breed from the original cat.

  ii.   Outline how modern biotechnological techniques could have 
been used to establish the Munchkin breed from the original cat.

 b.  Compare the use of the two techniques in a. in producing new 
breeds such as the Munchkin. 

6.  Explain the advantages and disadvantages of using cloning in conservation.
7. Discuss the likely biological implications of cloning the woolly mammoth.

8. Many species of animal (e.g. sheep, cats, mice, cattle and horses) and plants (e.g. grapes, potatoes, bananas) have now been 
cloned.

  Explain why any organism produced by cloning is genetically identical to its biological parent, whereas an organism produced by 
sexual reproduction is genetically different from the parents.

9. Select an organism that has been or is being produced through whole organism cloning. Research the organism and fi nd 
information on the following.

 a.  The biological ideas related to how humans manipulate genetic transfer in the cloning of your chosen organism.
 b. The biological implications of the manipulations, such as the impact on:
  • ecosystems
  • genetic diversity
  • health or survival of individuals
  • survival of populations
  • evolution of populations.
 c.  Write a report, in which you need to:
  i.  explain the biological ideas relating to the whole organism cloning of your chosen organism
  ii.  explain at least two biological implications related to the whole organism cloning of your organism
  iii.  link the biological ideas to the biological implications – this can be done by justifying, relating, evaluating, comparing and 

contrasting, analysing.
 d. Submit your report to your teacher for feedback.

A Munchkin cat
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Answers – Activity 23C: Whole organism cloning
1. a.  Plants and animals are cloned to produce identical copies of an individual (the ‘parent’) that has desirable traits. This procedure 

is used to get clones of a transgenic ‘parent’ (as sexual reproduction may not lead to offspring having the transgenes). Cloning 
allows large numbers to be produced rapidly – especially in plant tissue culture (this is not possible through sexual reproduction).

 b.  Factors in the internal environment act on gene expression such that genes may be switched off (not expressed) or on (will be 
expressed) – epigenetics.

It is epigenetics that accounts for differences between identical twins (which are natural clones).

2. a.  All clones are genetically identical – there is no genetic diversity in a population of clones. As a result, if the environment 
changes, especially with the arrival of a new pathogen, all the clones will be affected similarly and therefore all may be wiped 
out – the clone population becomes extinct.

 b.  Two sexes are needed for a self-sustaining population of a sexually reproducing species; therefore, it is necessary to have both 
male and females clones. This may be done by taking a clone from both a male and a female ‘parent’, or by embryo transfer if 
sperm or eggs or their nuclei can be extracted (e.g. from old DNA such as obtained from the remains of mammoths).

3. a. i. Cells that differentiate and grow into any other type of cell.
  ii.  Small portions of plant tissue extracted from a ‘parent’ and grown into new plants (clones) in tissue culture.
  iii. A mass of undifferentiated cells grown from an explant.
 b. The following steps all take place under aseptic conditions.
  •  Remove a small part of a plant such as part of a bud, leaf, stem or root – this is an explant.
  •  Explants are placed on the fi rst growth medium in a Petri dish. This medium contains essential mineral ions and organic 

nutrients such as glycine and the vitamin B group. Cells in the explant discs divide to form a mass of undifferentiated cells – 
the callus.

  •  The callus is transferred to the second growth medium, which contains the plant hormone cytokinin to stimulate shoot 
growth.

  •  The young plantlets are then transferred to the third growth medium, which contains the plant hormone auxin which 
stimulates root growth.

  •  When the plantlets have obvious shoot and root growth, they are transplanted to pots to grow into seedlings (as for ‘normal’ 
plants grown from seeds).

 c.  Much larger numbers of new plants can be grown at any one time and the process is much faster.
 d. i.  The addition of foreign gene(s) (from another species) to the genome of a particular individual.
  ii.  Explants may be made transgenic to include genes for desirable traits (e.g. resistance to herbicides, a novel colour of the 

fl owers) into the genome of the explants. This is done using recombinant DNA technology (refer pages 343–344 of Level 3 
Biology Study Guide for details of this) to obtain the foreign gene(s), then a vector is used to deliver the gene(s) into the 
explants in the fi rst growth medium. Those explants containing the foreign gene are isolated and grown on a medium 
containing Agrobacterium tumefaciens, which has the foreign gene spliced into their plasmids. A. tumefaciens infect some 
or all of the explants, attracted by chemicals released by tissue damaged from the extraction of the explants. Two antibiotics 
are present in the medium – kanamycin which kills off explant discs that do not get infected by A. tumefaciens, and 
cefotaxime which kills off A. tumefaciens after the infection has occurred (refer page 344 for details of A. tumefaciens as 
vector in transgenesis).

4. SCNT refers to somatic cell nuclear transfer. In the procedure:
 •  an egg cell is extracted from a (female) host and enucleated
 •  a somatic cell (or its nucleus) is extracted from suitable tissue of the animal to be cloned

•  the egg cell and somatic cell are brought together in a growth medium
•  electrical pulses are applied to fuse the cells (‘fertilisation’) and promote mitosis of the zygote
•  when the embryo is about fi ve days old (and now a blastocyst of many cells), it is implanted into the uterus of a suitable 

surrogate mother to undergo normal gestation and birth.
5.  a.  i.   The kittens are heterozygous for short legs. Male kittens with short legs could be bred back to the mother or to short-legged 

females in the litter. Some of the offspring will be homozygous for short-leggedness – determined by test crossing with 
normal-legged (recessive) cats; the resulting cats identifi ed as being homozygous are bred together to produce pure-breeding 
Munchkins. 

  ii.   Using the whole organism cloning technique of SCNT, a somatic cell is removed from the female as well as an unfertilised 
ovum. The ovum is enucleated and placed in a medium with the somatic cell. An electric impulse is used to fuse the two 
cells, then to stimulate mitosis. After several mitotic divisions, the resulting embryo (a blastocyst) is implanted into a suitable 
surrogate female cat to produce a Munchkin kitten after the gestation period.

 b.   Cloning is suitable to produce large numbers of Munchkins rapidly and cost effectively; however, the cats produced lack genetic 
variability as they are identical. Selective breeding is slower, with trial and error to get a kitten with the desired genes/trait(s). 
Many unwanted cats are produced (and culled); therefore it is not cost effective. However, the resulting Munchkin cats have 
genetic variation as they combine genes from different parents (over generations).

6.  Advantages: Ability to clone individuals of very small, endangered populations, so that population numbers may be rapidly 
increased, reducing the risk of extinction.

  Disadvantages: Cloned individuals are identical to one another and to their parent – this may result in a sex imbalance which 
reduces reproduction rate unless both sexes are equally cloned; genetic variation will be limited, which reduces chances of survival 
in a changing environment as there is less raw material for natural selection to work on.

7. Your discussion needs to describe and explain the likely implications of the cloning and integrate these into a logical, coherent 
discussion. Show your discussion to you teacher for their feedback. Some areas that you may need to consider:
•  genetic diversity of the clones
•  availability of the mammoth niche or a suitable niche for mammoths today
•  which biological community the mammoths will join
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•  climate change that has occurred since mammoths became extinct
•  food requirements (type and amount)
•  effect on other members of biological community, and vice versa
•  effect on food chains, and vice versa
•  effect of competition (intraspecifi c and interspecifi c)
•  health and survival issues of the mammoths when taking into account all the implications; future evolutionary outcomes.

8. Cloning uses asexual reproduction/mitosis, while organisms produced by sexual reproduction are a result of the processes of 
independent assortment, independent segregation, crossing over and fertilisation. Because mitosis produces genetically identical 
cells, resultant offspring will also be genetically identical to the parent. Because the processes in sexual reproduction result in 
gametes with unique combinations of alleles that then fuse, the resulting offspring will also be genetically unique.

9. Teacher feedback.
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Activity 23D: Gene expression and gene editing

1. Describe what is meant by gene expression, and explain the role of DNA methylation in the expression of genes.
2. Describe, with examples, the role of enzymes in gene expression.
3. Describe how gene expression is controlled in eukaryotes.
4. Explain how and why:
 a. ‘fl avr savr’ tomatoes have been produced
 b. hypoallergenic milk has been produced.
5. Defi ne epigenetics, and explain its role in gene expression.
6. Describe what was meant by ‘junk DNA’, and explain why this term is now outdated.
7. Describe why genome analysis is essential in an investigation into gene expression.
8. Give a reason that each of the following techniques may be needed in an investigation into gene expression:
 a. DNA sequencing
 b. PCR (polymerase chain reaction)
 c. gel electrophoresis.
9. a. Outline the main steps in the technique of gene editing.
 b. Explain why gene editing has advantages over other genetic manipulations.
10. Select an organism that has undergone or is undergoing the modifi cation of the expression of existing genes. Research the 

organism and fi nd information on the following.
 a.  The biological ideas related to how humans manipulate genetic transfer through the modifi cation of the expression of existing 

genes of your chosen organism.
 b.  The biological implications of the manipulation, such as the impact on:
  • ecosystems
  • genetic diversity
  • health or survival of individuals
  • survival of populations
  • evolution of populations.
 c.  Write a report, in which you need to:
  i.  explain the biological ideas relating to the investigation and modifi cation of the expression of existing genes in your 

chosen organism
  ii.  explain at least two biological implications related to the investigation and modifi cation of the expression of existing 

genes in your organism
  iii.  link the biological ideas to the biological implications – this can be done by justifying, relating, evaluating, comparing and 

contrasting, analysing.
 d. Submit your report to your teacher for feedback.
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Answers – Activity 23D: Gene expression and gene editing
1. Gene expression is the process in which genetic information from DNA or a gene is used to synthesise a protein or RNA molecule. 

To make a product (i.e. the gene is expressed), a gene must be ‘switched on’. DNA is methylated by the addition of a methyl, CH3, 
group. Methylation of a gene inhibits transcription of the gene, so the gene gets ‘switched off’, so is no longer expressed.

2. Enzymes are a group of proteins and are coded for by genes; therefore, they are a result of gene expression. Enzymes catalyse 
reactions of essential metabolic pathways. Some enzymes are produced throughout the lifetime of an individual (e.g. enzymes 
that catalyse metabolic pathways in cellular respiration), while others are produced only when required (e.g. the enzyme lactase 
is produced during the period of infancy when the baby is feeding on only milk or principally on milk – lactase breaks down the 
milk sugar lactose). Weaning of the baby can act as an environmental trigger to switch off production of lactase (the gene coding 
for production of lactase is no longer expressed). (Only people with a variant of the genes involved in switching off the lactase-
producing gene are able to keep producing lactase throughout the lifetime.)

3. Gene expression occurs at the transcription level and each gene typically has its own set of regulatory factors that control its 
expression. RNA polymerase binds to a site on DNA called the promoter sequence to initiate transcription. Transcription stops when 
the terminator sequence on DNA is reached. Transcription factors are proteins that place RNA polymerase at the start of the coding 
sequence and release it to allow transcription to occur. Transcription factors are therefore important in determining not only what 
proteins the cell produces, but also when it produces them.

4. a.  ‘Flavr savr’ tomatoes ripen more slowly but still colour at a normal rate – thus they can be picked when still hard (they aren’t 
ripe yet) but are red; they then ripen post-harvesting. Normal tomatoes have to be harvested when green – when red, they are 
so ripe they bruise and are easily infected by diseases when handled. Pectin is essential in plant cell walls – without pectin, fruit 
becomes ‘soft’. A gene that codes for an enzyme that degrades pectin was deactivated in ‘fl avr savr’ tomatoes by using antisense 
DNA that binds to mRNA.

 b.  Some infants are fed cow’s milk rather than being fed on their mother’s milk. However, the composition of cow’s milk is suitable 
for calves but not necessarily so for all humans. Various proteins found in cow’s milk but not found in human milk can cause 
an allergic reaction in infants. One of these is BLG (beta-lactoglobulin). Scientists were able to insert very small pieces of RNA 
(micro RNA) into the genome of a cow that prevented RNA expression of the gene coding for BLG so the protein was no longer 
present in the cow’s milk – preventing allergic reactions in otherwise susceptible human infants.

5. Epigenetics is the study of the chemical modifi cation of specifi c genes or gene-associated proteins of an organism. Epigenetic 
modifi cations can determine how the information in  genes is expressed and used by cells. Factors in the internal environment (e.g. 
nutrient and hormone levels, temperature) may impact on genes and alter their level of activity (i.e. determine the extent to which 
they are expressed).

6. When the human genome was fi rst decoded and analysed, it was found that only a very small amount (about 1–2%) of the genome 
was genes that code for proteins. This led to the remainder of the DNA in the genome being given the description ‘junk DNA’. 
Research since then has revealed that this DNA is far from being junk and constitutes a complex control panel that provides the 
switches for turning genes on and off (i.e. it contains instructions essential in determining what genes are expressed, and when).

7. It identifi es the location, DNA base sequence and function of genes.
8. a.  DNA sequencing determines the sequence of bases in a DNA molecule or gene – the code for a protein. The code for a protein can 

be determined and comparisons can be made with alleles and variants (from mutations) to determine differences in function and 
relationships. The base sequences of non-coding regions associated with control of gene expression is also essential in analysing 
their functioning as switches.

 b.  PCR is essential to amplify DNA when only small amounts of it can be obtained from a specimen; in most procedures, a certain 
minimum amount of DNA is required to successfully carry out a procedure such as DNA sequencing or genome analysis.

 c.  Gel electrophoresis is used to separate fragments of DNA based on size and associated rate of movement; it is typically an 
essential technique for bigger applications, such as DNA sequencing and genome analysis.

9. a.  The technique for editing genes is known as CRISPR. CRISPR involves using the Cas9 enzyme (which naturally occurs in 
bacteria) to cut an unwanted DNA sequence (so disabling a gene) and guide RNA (gRNA) to direct the enzyme to the specifi c 
base sequence to be cut. gRNA is complementary to the needed DNA sequence. The CRISPR mechanism also delivers a chain 
of DNA nucleotides that the cell mechanism then inserts into the cut DNA.

 b.  Gene editing using CRISPR is very fast and very accurate – this gives a huge advantage over using selective (especially 
traditional) breeding methods which can be very slow (years) and for which an outcome is not guaranteed (luck plays a role). 
Gene editing does not involve using/inserting ‘foreign’ genes/DNA, which gives gene editing an advantage over transgenesis as 
transgenic organisms with a foreign gene in their genome are feared by many communities and are banned in many countries.

10. Teacher feedback.
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Activity 23E: Biological implications of genetic manipulations

1. Explain why genetic diversity is so important in populations/species.
2. Research, and give reasons for, commercial bananas being considered at risk of extinction.
3. Research, give examples of and reasons for, the presence of more than 400 genetic disorders in domestic dogs.

4. Compare the biological implications of producing animals from selective breeding and from cloning.
5. Defi ne what is meant by a monoculture and give examples. Give the advantages and disadvantages of growing monocultures.

6. In 2016, nearly 185 million hectares globally were planted in genetically modifi ed crops – primarily soybean, maize, canola and 
cotton – which were modifi ed to be herbicide tolerant (95.9 million hectares), insect resistant (25.2 million hectares), or both 
(58.5 million hectares).

Soybean Corn/maize Cotton

  Compare and contrast the possible outcomes of releasing into the environment plants genetically modifi ed for herbicide tolerance 
with those of releasing plants genetically modifi ed for insect resistance. Your answer should include both the ecological and 
evolutionary outcomes of such releases, and evaluate the likelihood of these outcomes occurring.
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Answers – Activity 23E: Biological implications of genetic manipulations
1. Genetic diversity is a measure of the total number of different alleles in a gene pool; the more alleles, the more variation present 

in phenotypes and the more raw material for natural selection to work on. When the environment changes (e.g. a new pathogen 
arrives), the more genetic diversity  there is, the more likely it is that individuals will, by chance, have a phenotype that will allow 
them to survive the change, breed and pass on their successful alleles – the population survives / avoids extinction.

2. Most commercial bananas are Cavendish cultivars which are triploid, so can only be reproduced asexually with human 
intervention. The bananas lack genetic diversity so are at risk of being wiped out by disease – e.g. the previous commercial cultivar, 
Gros Michel, was almost wiped out by Panama disease (a fungus that attacks the roots); it exists in a few geographic regions where 
the disease does not occur and it is no longer commercially viable. The same fate could await Cavendish cultivars within the next 
10–20 years (consequently genetic engineering programmes are trying to produce a disease-resistant form).

3. The high number of genetic disorders in dogs results from the large amount of inbreeding within breeds to improve the chances of 
getting desirable phenotypes (and so be successful in dog shows). Inbreeding increases the chances of getting desirable characteristics, 
but also increases the chances of bringing together harmful recessive alleles, resulting in a genetic disorder in the individual (and a 
high occurrence of the disorder in the breed). Disorders may be breed-specifi c or may occur in different breeds, e.g.:

 • hip dysplasia resulting in crippling arthritis
 • progressive retinal atrophy resulting in blindness
 • hypothyroidism from auto-immune destruction of thyroid (lowers metabolic rate)
 • cataracts – may cause blindness
 • atopic dermatitis (skin disease)
 • von Willebrand disease (bleeding disorder).
4. Both selective breeding and cloning reduce genetic diversity in the population/breed/species. This is much more marked in cloning, 

as all individuals are genetically identical, so all are equally prone to not being able to cope with an environmental change, 
especially pathogen attack. (Cloning needs to be followed up by selective outbreeding – if possible – to improve genetic diversity; 
outbreeding should also be a part of any general selective breeding programme.)

5. A monoculture is a single plant crop/species grown over a large area (and usually for a number of years) – e.g. wheat, rice, rye, 
bananas, barley, almonds, blueberries. Advantages are mainly commercial – large amounts can be grown with minimal labour (and 
same machinery / same growing and harvesting techniques / application of same chemicals (e.g. pesticides) – i.e. standardisation is 
possible). Monocultures provide an abundant and readily accessible resource, leading to spraying crops with insecticides/pesticides 
which result in the evolution of resistant forms of the pest insects. Monocultures are genetically very similar (same strain) or even 
identical, and, together with their large numbers and high density, this makes them particularly susceptible to pathogen attack and 
the spread of disease which can wipe out the crop.

6. Ecological evidence
 •  Herbicide-tolerant (HT) plants – increase in herbicide use that these plants are tolerant to may have negative effects on the 

environment (e.g. run-off into waterways, increase in toxic residues in the soil and so increase in toxic chemicals in the food 
web). But there is a possible positive effect if other herbicides (that plants don’t tolerate) are decreased.

 •  Insect-resistant (IR) plants should lead to a reduction in the use of insecticides, which should benefi t the environment (e.g. other 
benefi cial insects like pollinators not killed, reduction/removal of link(s) in food webs by insecticides no longer happening). 
However, there may be a general reduction in herbivorous insects as their food (crop) supply is no longer edible, with fl ow-on 
effects to the food web.

 •  HT plants – may become weeds in future as they will be more diffi cult to eradicate. Exposure of weeds to sprays may lead to 
resistance developing in them, so they will become more diffi cult to eradicate (‘super weeds’). This may lead to development of 
new, more toxic sprays with subsequent negative fl ow-on effects to the environment.

 •  HT and IR plants – reduction in biodiversity in local communities if these crops grow in the natural community and out-
compete/eliminate other species; also through possible elimination of links in food webs from IR plants.

 Evolutionary evidence
 •  HT plants – overlaps with ecological factors: increased spraying may lead to development of resistance in weeds; the HT crops 

may hybridise with wild relatives through gene fl ow (e.g. soil bacteria, wind-drift pollen) producing plants much more diffi cult 
to eradicate. IR plants – prolifi c reproduction of insects suggests resistance to the crops will result, so crop damage will again 
result. IR crops may, like HT plants, hybridise with wild relatives, spreading insect resistance. This impact on food webs and give 
wild types competitive advantage in their communities, with likely domination; controlling them will be diffi cult.

 •  HT and IR plants – possible pleiotropic effects of the transgenes/gene interactions in the crops may infl uence their fi tness 
through changes in germination success, seed dormancy, and tolerance to physiological stresses.

 •  HT plants – selective advantage in farm situations through herbicide use but not in the natural environment where herbicides 
are not present. IR crops have a selective advantage if they grow in the natural environment, as insects are present there.

 • HT and IR plants – genetic modifi cation of crops continues reduction in genetic diversity that started with selective breeding.

Hand your answer to your teacher for their feedback on how you have linked ideas/comparisons and contrasts in writing your answer.
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Case studies

Selective breeding

Designer dogs – Bagle? Puggle? Chug? Beabull? Labradoodle?
‘Designer dogs’ are the offspring of two purebreds. In 2014, the American Kennel Club recognised 180 pure breeds; the American 
Canine Hybrid Club recognised 615 designer breeds. While many designer dogs have been bred for aesthetic reasons, others have been 
bred to display aspects of hybrid vigour.
• A bagle is a beagle-basset hound cross – bred to alleviate the back problems associated with the basset hound.

Beagle Basset hound

• A puggle is a beagle-pug cross – bred 
to inherit the longer nose of the 
beagle to reduce breathing problems 
associated with pugs.

• A labradoodle is a Labrador-poodle 
cross. The fi rst designer dog bred, 
its hypoallergenic poodle coat and 
placid Labrador temperament created 
an allergen-free guide dog.

Quarter horses – Impressive?
Quarter horses are a breed of horse developed in America. Their distinguishing features are:
• great speed (up to 88 km/h) over short distances
• strong and hardy
• compact (between 14–16 hh), well-muscled body with short, refi ned head
• broad chest and powerful hindquarters.
They are popular as working horses on ranches, rodeo horses, show horses (e.g. halter competitions). Horses bred for halter 
competitions are especially compact (15.2–16 hh) and muscular (>540 kg); many trace their lineage back to the stallion ‘Impressive’. 
Five genetic disorders are recorded in the breed, including HYPP (hyperkalemic periodic paralysis), prevalent in horses used in halter 
competitions. HYPP is of particular concern to breeders and the horse community.

                
 Rodeo horse Show horse
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Footrot – going, going, gone …?
Footrot, a common complaint in New Zealand sheep, has been estimated to cost the New Zealand fi ne-wool sector up to $10 million 
per year in lost productivity and treatment. A joint project between New Zealand Merino and the Ministry for Primary Industries 
(MPI) is using genetic testing to identify fi ne-wool sheep with resistance to footrot. Using selective breeding, researchers are close to 
developing a simple test to eliminate footrot.

Footrot is a painful, crippling condition that means sheep struggle to walk …

Transgenesis

Goats against cancer
Scientists from AgResearch and Auckland University are producing 
transgenic goats that produce milk containing an antibody used to 
produce cheaper, effective, anti-cancer drugs. The fi rst drug focused 
on will be cetuximab which uses monoclonal antibodies to treat a 
wide range of metastatic cancers (including breast and lung cancers). 
The gene that produces the antibodies is inserted into goat DNA at 
the embryo stage so that the goat develops with that gene which will 
produce the antibody as a milk protein when it matures and lactates. 
It is estimated that only 100 milking goats would be needed to supply 
the world’s demand for cetuximab. This process could also be applied 
to producing other essential drugs in the fi ght against cancer such as 
Herceptin (a treatment for breast cancer) and rituximab (a treatment for 
non-Hodgkin’s lymphoma).

Milking ‘Daisy’?
In 2012, AgResearch genetically engineered 
a cow (‘Daisy’) to produce hypoallergenic, 
high-protein milk – milk that contains less 
BLG (beta-lactoglobulin) protein. BLG 
isn’t present in human milk and can cause 
allergenic reactions in babies (2–3% of 
babies are allergic to cows’ milk; most of 
these are allergic to BLG).

Lysozyme – a boost for the immune system
A team of scientists at the China Agricultural University have used recombinant DNA, transgenesis and cloning to produce cows that 
express human lysozyme (recombinant human lysozyme or rhLZ) in their milk. Lysozyme exerts a wide range of antimicrobial activities 
against pathogenic bacteria and viruses.

Golden rice
Golden rice is a variety of rice (Oryza sativa) genetically engineered to 
biosynthesise beta-carotene in the edible parts of the plant. Beta-carotene is 
a precursor of pro-vitamin A. Genetic engineering began in 1992 and was 
completed in 2002. In 2005, Golden Rice2 was synthesised. This variety is 
able to produce 23 times more beta-carotene than the fi rst variety.

Rice on the left is typical off-white colour, 
rice on the right is bright yellow 

(from the presence of beta-carotene).
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Salmon just got bigger, faster …
Towards the end of 2015, the USA Food and Drug Administration approved a genetically modifi ed (GM) salmon for human 
consumption. The GM Atlantic salmon contains genes from Chinook salmon and Ocean pout resulting in its growing twice as fast as 
normal (non-GM) Atlantic salmon, to become fully grown at 18 months.

Genetic material from
two other fish is added
to Atlantic salmon

GMO salmon grow faster

Result: faster fish
growth rate

‘Standard’ Atlantic salmon

Ocean pout – 
genetic material 
helps activate 

Chinook salmon 
growth hormone gene

Mass (kg)  6

4

2

0
0          1          2          3     Age (years) 

GMO
salmon

Standard
salmon

GMO AquaAdvantage salmon –
full grown at 18 months

‘Standard’ Atlantic salmon
at 18 months

The devil’s in the ivy …
Hazardous chemicals known as VOCs (volatile organic carcinogens) such as benzene and chloroform can occur in the air in our homes 
but the molecules are too small to be removed by HEPA (high-effi ciency particulate air) fi lters. Scientists have created a solution to 
this by making a synthetic form of the P450 2El gene found in rabbits and inserting it into a common house plant called Devil’s ivy 
(Epipremnum aureum). The gene makes the ivy function like a liver – i.e. the plant is able to remove harmful chemicals from the air.

Devil’s ivy, Epipremnum aureum
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Whole organism cloning
Modern technology has the ability to ‘bring animals back from the dead’ – de-extinction. Candidates proposed for de-extinction 
include the following.

De-extinction – Woolly mammoths? 

Woolly mammoth (Mammuthus primigenius). Mammoths fi rst 
appeared in Europe about 400 000 ya (years ago), ranging 
across northern Europe and Asia to North America. They 
displayed specifi c adaptations to inhabiting the (very) cold 
climates of the grasslands of these regions. Between 16 000 
and 14 000 ya, mammoths vanished from much of their range 
– coinciding with the end of the ice age – and are now extinct. 
Their closest living relatives are elephants. Many mammoths 
have been found preserved in ice (e.g. baby ‘Lyuba’ found in 
2007). DNA has been successfully extracted from the cells 
of these preserved specimens; analysis has shown they have 
about 98% of their nuclear DNA in common with present-day 
African elephants.

Model of a mammoth

De-extinction – Aurochs?
Aurochs were large cattle that once ranged across most of 
Europe; they are famously depicted in cave art of Cro-Magnon 
humans. A combination of hunting and conversion of wild 
pastures to farmland reduced Europe’s wild aurochs to a 
small remnant population in a forest in Poland. The Polish 
royal family tried to save the aurochs, but political instability, 
diseases from domestic cattle and various other threats resulted 
in the last aurochs dying in 1628. 

Today, the Tauros Programme – a partnership of ecologists, 
geneticists, historians and cattle breeders – is seeking to 
recreate the aurochs. The project was formed as part of a 
‘rewilding’ conservation movement which involves restoration 
of large tracts of land to their pre-human state. This often 
involves reintroducing key animals and plants that have 
disappeared.

Cave painting in Lascaux, France, of aurochs

De-extinction – Gastric-brooding frog? 
Gastric-brooding frog (Rheobatrachus silus) – this Australian 
frog had the unusual habit of the female swallowing the 
embryos after external fertilisation and brooding the young 
within her stomach. The young tadpoles were regurgitated by 
the mother when they were capable of independent existence. 
The frogs became extinct in 1983. Scientists in the Lazarus 
Project are working on the de-extinction of these frogs; to date, 
the few embryos produced have not survived beyond a few 
days.

The gastric-brooding frog, Rheobatrachus silus, 
became extinct in the 1980s.
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 Modifi cation of gene expression

Pig 26 – a SNP of a difference …
In April 2013, researchers at the Roslyn Institute (where Dolly was cloned in 1996) created the fi rst GM pig using the ‘gene editing’ 
technique (GM technology that does not involve the use of antibiotic-resistant genes). Pig 26, a male, engineered with just one SNP 
difference (a base deletion) in his genome, is part of a programme to create GM pigs resistant to infections such as African swine fever 
virus.

A common sign of African 
swine fever in pigs is 
reddening of the ears.

African swine fever virus

CRISPR goats
Researchers at Yulin University, China, in 2016 used the gene 
editing technique CRISPR to disable the FGF5 gene in Shanbei 
cashmere goats. (This gene controls the length of hair in a 
variety of animals, including humans.) The researchers found 
that disabling the FGF5 gene increased the length of both the 
coarse outer hair and the softer inner hair used to produce 
cashmere wool.

More colour in food …
Modern selective breeding programmes can still take many 
years to produce new cultivars; however, new technologies 
such as gene-editing can quickly and accurately produce 
cultivars with the desired traits and without the need to insert 
new genetic material into them. New Zealand scientists in 
2018 suggested that our fruit and vegetables could become 
more colourful, healthier and tastier by ‘fl icking a few genetic 
switches’. The key to changing fruit colour and taste lies in a 
single family of genetic controls called MYB (myeloblastosis) 
transcription factors. Coloured compounds such as 
anthocyanins and carotenoids are thought to offer health and 
dietary benefi ts – using gene-editing to ‘fl ick the switches’ 
and so increase the amount of these compounds in fruit could 
result in increased health potential of plants.
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