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Populations, Sampling and Biodiversity    

Mark Scheme 

 
www.scienceexamssorted.co.uk 

 

 

1. Ecologists use specific sampling techniques to investigate the size of populations and to measure the 
biodiversity of a habitat. 
 

For each of the multiple choice questions below circle the letter of the correct answer for each. 
 

a. An ecologist wants to estimate the population of limpets, a type of snail, on a rocky shore.  
Name the ecological sampling method the ecologist is using. 
 

D – is the only correct answer.  1 mark 
 Total: 1 mark 

 
 

b. Ecologists collected data from a field habitat. Their results are presented in the graph below 

 
 

Which technique have the students used to collect the data? 
 

B – is the only correct answer.  1 mark 
 Total: 1 mark 

 
 

c. The size of a population of organisms is affected by various factors. 
 

Which of the following is a biotic factor that would cause a population to decrease? 
 

C – is the only correct answer.  1 mark 
 Total: 1 mark 

 
  (Total for Question 1 is 3 marks) 
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2. A biology teacher wanted to demonstrate how abiotic factors, such as light intensity, affect the 
distribution of daisy plants. 
 

To do this, she ran a tape measure in a straight line from the base of a large tree out into an open 
field.  
 

At one-metre intervals along the tape, she placed a quadrat on the ground and recorded the 
percentage of it covered by daisies. The figure below shows the teacher.  
 

 
 

The table below shows the results the teacher obtained.  
 

 

Distance from the tree (m) 
 

Percentage of ground covered by daisies (%) 
1 8 
2 16 
3 25 
4 33 
5 42 
6 50 
7 56 
8 60 
9 72 

10 80 
 

a. Use the data from the teachers results to plot a graph and draw a line of best fit. 

 

 

Axes correctly labelled with quantities and units:  
 

• x-axis: Distance from the tree. 
• y-axis: Percentage of ground covered by daisies. 

 
1 mark 
1 mark 

Both axes with a suitable, linear scale which uses at least half of the grid 
provided. 

1 mark 

All 10 points plotted correctly. 1 mark 
Appropriate line of best fit drawn. 1 mark 
 Total: 5 marks 
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b. The teacher now wants to estimate the total population of daisy plants across the entire school field, 
not just near the tree. She tells the students they must use random sampling. 
 

Explain why it is important to choose the sampling points randomly when estimating the population 
size of the whole field. 
 

To avoid bias. 
 

Allow to prevent deliberately choosing areas with more/fewer daisies. 

1 mark 

To ensure the sample is representative (of the whole area). 
 

Allow so the results can be generalised to the whole field' or 'to get a more 
accurate/valid estimate. 

1 mark 

 Total: 2 marks 

 
 
 

c.  Describe how the students could use two tape measures and a random number generator to make 
sure their quadrat positions are random. 
A description to include:   
Lay two tape measures at a right angle to each other (along two sides of the 
field). 

1 mark 

Use a random number generator to generate two numbers. 1 mark 
Use these numbers as coordinates to place the quadrat. 1 mark 
 Total: 3 marks 

 
 
 
 

d. The teacher thinks that shade from the tree is affecting the distribution of daisy plants. 
Explain how the teacher’s results show this. 
An explanation to include the following:   
As the distance from the tree increases, the percentage cover of daisies 
increases. 

1 mark 

Closer to the tree there is more shade / less light (intensity). 1 mark 
Light is needed for photosynthesis (for the daisies to grow/survive). 1 mark 
 Total: 3 marks 

 
(Total for Question 2 is 13 marks) 
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3. A student is investigating the population of slugs in their school's vegetable garden. 
The slugs are eating the school's lettuce plants. To solve this problem, the student decides to use 
biological control by introducing Rove beetles that prey on slugs. 
 

a. Using the following equation, estimate the number of slugs in the habitat.  
 

(96 × 56) ÷ 8 1 mark 
= 672 1 mark 
 Total: 2 marks 

 
 

 
b. For the estimate to be valid, the student must make some assumptions.  

State two assumptions made when using the capture-recapture method. 
Any two from:   
• No (significant) immigration or emigration.  
• No (significant) births or deaths.  
• The mark/marking method does not affect the survival of the slugs (e.g. make 

them more visible to predators).  
• The mark has not been lost / rubbed off.  
• The marked slugs have had sufficient time to mix fully/randomly back into the 

population. 

 

 Total: 2 marks 

 
 
c. The student continues to monitor the populations. Over a long period of time, the numbers of slugs 

and beetles in the garden will fluctuate in a cyclic pattern. 
 

Describe and explain this predator prey cycle. 
A description to include:   
An increase in the number of slugs (prey) provides more food for the beetles 
(predators), so the beetle population increases. 

 
1 mark 

The increased number of beetles eats more slugs, causing the slug population to 
decrease.  

 
1 mark 

The reduced number of slugs (less food) causes the beetle population to decrease 
(due to competition/starvation). 

 
1 mark 

The reduced number of beetles results in fewer slugs being eaten, allowing the 
slug population to increase again. 

 
1 mark 

 Total: 4 marks 
 

d. Using biological control is often better for the environment than using chemical pesticides. However, 
the student finds that even with the beetles present, the lettuce plants still suffer some damage from 
slugs. 
 
Using your knowledge of predator-prey cycles, explain why the Rove beetles do not completely 
remove the slugs from the garden. 
If the number of slugs falls, the number of beetles will also fall.  1 mark 
This is due to a lack of food / starvation for the beetles, which prevents them from 
completely wiping out the slugs (allowing the slug population to recover). 

 
1 mark 

 Total: 2 marks 
 

   (Total for Question 3 is 10 marks) 
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4. The figure below shows the distribution of Tigers in India over 175 years.  
 

 
 
 

a. Deforestation is reducing the size of tiger habitats.  
Explain how a reduction in habitat can increase the risk of tigers becoming extinct. 
An explanation to include any three of the following:   
Reduced habitat leads to increased competition (between tigers).  1 mark 
For resources such as food / mates / territory.  1 mark 
Reduction in prey populations / less food available.  1 mark 
Populations become isolated / habitat is fragmented, which reduces the gene 
pool / causes inbreeding.                      
 
Allow reduces genetic variation. 

 
1 mark 

 Total: 3 marks 
 

 
b. Calculate the percentage increase in the prey population between year 5 and year 10.  

Show your working. 
 

(5000 – 4000) ÷ 4000 × 100  1 mark 
25 (%) 
 

Award 2 marks for the correct answer, even if no working is shown. 

1 mark 

 Total: 2 marks 
 
 

c. Using information from the graph, explain the biological reasons for the change in the prey population 
between year 5 and year 10 
 

Between year 5 and year 10, the tiger/predator population is low / decreasing.  1 mark 
This means fewer prey are being hunted / eaten (by tigers). 1 mark 
Therefore, the birth rate of the prey is greater than their death rate, causing the 
prey population to increase. 

 
1 mark 

 Total: 3 marks 
 
 

   (Total for Question 4 is 8 marks) 
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5. A farmer needs to estimate the total population of thistle plants in a large field. 

 
a) Describe how you would use a 1 m² quadrat and random sampling to collect the data needed to make 

this estimation. 
Use two tape measures to set up a grid / coordinate system on the field. 
 
Accept: place tape measures along two adjacent sides of the field. 

1 mark 

Use a random number generator to select coordinates to place the quadrat.  
 
Allow: use a random number table'. The key is the generation of random 
coordinates to avoid bias. 

1 mark 

Count the number of thistles inside the quadrat. Repeat this process many times 
and calculate a mean. 
 
Allow: 'take at least 10 samples'. 

 
1 mark 

 Total: 3 marks 

 
 
The farmer wants to check if the conditions in a field are suitable for growing a new crop.  
To do this, they need to measure several abiotic factors. 
 

b) Describe how the farmer could measure three different abiotic factors in the field.  
Do not include soil pH in your answer. 
A description to include any three of the following:  
 

 
Light (intensity): Use a light meter / photometer and place it on the soil surface. 1 mark 
Temperature: Use a thermometer / temperature probe placed on the soil surface 
(for air temp) or inserted into the soil (for soil temp). 

 
1 mark 

Soil moisture: Use a soil moisture meter / probe and push it into the soil. 1 mark 
Wind speed: Use an anemometer held in the air just above the ground. 1 mark 
 Total: 3 marks 

 
   (Total for Question 5 is 6 marks) 
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6. A student wanted to investigate how light levels affect the growth of cow parsley. They compared 
plants growing in two different locations: the base of a dense hedgerow and the middle of an open 
field. 
 

  
The table below shows the grouped frequency table of the students results.  
 

 

Height (cm) 
 

Frequency (Area A) 
 

Frequency (Area B) 
 

50 – 59 
 

0 
 

8 
 

60 – 69 
 

2 
 

25 
 

70 – 79 
 

11 
 

14 
 

80 – 89 
 

28 
 

3 
 

90 – 99 
 

9 
 

0 
 

Total  
 

50 
 

50 
 

a) Calculate the estimated mean height of the cow parsley plants in Area A (shade).  
Use the data in the table and show your working. Give your answer to two decimal places. 
 

Sum of (frequency × midpoint) calculated: 
 

(64.5 × 2) + (74.5 × 11) + (84.5 × 28) + (94.5 × 9) = 4165 
 

1 mark 
Division by total frequency: 
 

4165 ÷ 50  
 

1 mark 
 

= 83.30 (cm) 
 

1 mark 
 Total: 3 marks 

 
 
 

b) The estimated mean height of the cow parsley plants in Area B (sunlight) is 65.9 cm. 
 

Compare the results for Area A and Area B and suggest a biological reason for the difference in mean 
height. 
A comparison to include:   
Plants in Area A are taller (on average) than in Area B / mean for A (83.30 cm) is 
greater than for B (65.9 cm). 
 

 
1 mark 

Reason: Plants in Area A / in the shade grow taller to reach for more light. 
 

1 mark 

Explanation: Light is needed for photosynthesis (to provide energy/glucose for 
growth). 

 
1 mark 

 Total: 3 marks 

 
 

c) Explain why the mean height calculated from a grouped frequency table is only an estimate. 
The exact / actual height of each plant is not known. 
 
Allow: because the calculation uses the midpoints of the groups. 

1 mark 

 Total: 1 mark 
 

   (Total for Question 6 is 7 marks) 
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7. A student wanted to estimate the population size of woodlice living under a large, rotting log in their 
garden using the capture recapture technique. 
 

a) Using the student's data, calculate the number of marked woodlice that were captured in the second 
sample. Show your working.  
Rearrangement of the formula:  
Number marked in 2nd sample: 
 
 

(number in 1st sample × number in 2nd sample) ÷ estimated population size. 

 

 
1 mark 

Correct substitution: 
(40 × 35) ÷ 280         OR         1400 ÷ 280 

 
1 mark 

 
= 5 

 
1 mark 

 Total: 3 marks 
 

 
b) The student's population estimate of 280 may not be accurate because the conditions for the mark-

recapture technique might not have been fully met. 
 

Describe two different factors that could have caused the student's estimate to be inaccurate. For 
each factor, explain the effect it would have on the final population estimate. 
Award 1 mark for the factor and 1 mark for the linked effect.  
 

Select any two from the pairs below. 

 

Factor: marking affected survival. The white paint made the woodlice more visible 
to predators, OR the paint was toxic. 
 
Effect: This would reduce the number of marked woodlice surviving to be caught 
again. This leads to an overestimate. 

 

Factor: the mark was lost. The paint rubbed off the woodlice between the first and 
second sample. 
 
Effect: This means some marked woodlice would be counted as unmarked in the 
second sample. This leads to an overestimate. 

 

Factor: migration occurred. Marked woodlice left the area (emigration), OR new 
woodlice arrived from elsewhere (immigration). 
 
Effect: In either case, the proportion of marked woodlice in the population 
decreases, making them harder to find in the second sample. This leads to 
an overestimate. 

 

Factor: the population was not given time to mix. The two days was not long 
enough for the marked woodlice to spread out randomly. 
 
Effect: If the student sampled near the release point, they might catch more 
marked woodlice than they should have. This would lead to an underestimate 

 

Factor: births or deaths. There were significant births (increasing the number of 
unmarked woodlice) or deaths. 
 
Effect: Births would dilute the sample, making marked individuals harder to find, 
leading to an overestimate. 

 

 Total: 4 marks 
 

(Total for Question 7 is 7 marks) 
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8. The figure below shows some Eurasian lynx. The Lynx is a medium sized cat about the size of a 
labrador.  
Lynx have been extinct in the UK since the middle ages but are increasing in number in mainland 
Europe. 

 
Lynx commonly hunt deer and rabbits though they are capable of taking sheep as well.  
 

There have been many calls for reintroducing Lynx back into the UK in Scotland and Northumberland 
to help control the population of deer. Farmers in these areas are resistant to the reintroduction of 
Lynx.  
 

a) Describe why farmers might be resistant to the reintroduction of Lynx in their areas.  
A description to include any two of the following:   
Lynx will prey on / kill / eat their sheep / livestock. 1 mark 
(Which would cause) financial loss / loss of income / profit. 1 mark 
May need to spend money on preventative measures e.g. fences. 1 mark 
 Total: 2 marks 

 
 
The figure below shows the changes in the population sizes of the deer and the lynx over a number of 
years in a forested region of Finland.  

 
 

b) Describe the pattern shown for the population of deer in the figure above. 
A description to include:   
The population fluctuates / oscillates / cycles / rises and falls. 
 

Accept ‘goes up and down’. 

1 mark 

Use of figures from the graph to support, e.g. it peaks at approx. 8500-9000 and 
has a minimum of approx. 3500 / the cycle repeats approx. every 20 years. 
 

Allow a sensible range for data points, e.g., peak between 8000 and 9000. 

 
1 mark 

 Total: 2 marks 
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c) The deer is a herbivore. 
Suggest two abiotic factors that could affect the growth of the plants that deer eat. 
Any two of the following:   
• Light (intensity).  
• Water / rainfall. 
• Temperature. 
• Carbon dioxide (concentration). 
• Mineral ions / nutrients (in soil). 
• pH (of soil). 
• Space 

 

 Total: 2 marks 

 
 
d) Explain why the population of the lynx changes after the population of deer changes. 

An explanation linking the following points:  
Changes in the deer population affect the amount of food available for the lynx.  1 mark 
When the deer population increases, the lynx population increases (shortly after) 
due to more food leading to more successful reproduction / survival. 

 
1 mark 

When the deer population decreases, the lynx population decreases (shortly after) 
due to less food leading to starvation / less reproduction. 

 
1 mark 

 Total: 3 marks 

 
 

e) A new disease, which only infected the deer, caused a rapid decrease in the deer population. 
 

Describe and explain the likely effects of this disease on the lynx population. 
Description: the lynx population will decrease. 
 

1 mark 

Explanation: because their main food source / prey is reduced / less food is 
available / increased competition for food. 

 
1 mark 

 Total: 2 marks 
 
 

(Total for Question 8 is 11 marks) 
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9. Farmers’ fields are usually surrounded by hedges. An example of this is shown in the figure below.  
 

 
a) Write down why they would use a quadrat and a biological key in this process. 

Any three from:   
Quadrat is used for sampling / to sample a specific area. 1 mark 
Place the quadrat (randomly) in the hedge to count the number/types of plants 
inside it.  
 
Accept: description of random sampling e.g., using a random number generator to 
find coordinates. 

 
1 mark 

A (biological) key is used to identify the (different) species of plant. 1 mark 
 Total: 3 marks 

 

 
b) The ecologists want to see if there is a link between the area of a field and the number of plant species 

growing in the hedge. They sample hedges in five different sizes of fields, 1, 2, 3 and 4.  
 

The table shows the ecologists results. 
 

Field Area of field (m2) Mean number of plant species 
( per m of hedge) 

 

1 
 

2000 
 

2.2 
 

2 
 

5000 
 

1.6 
 

3 
 

6500 
 

1.4 
 

4 
 

1000 
 

2.3 
 
Plot the data for the four fields on the graph below and draw a line of best fit on the graph. 
 

 

 

All points plotted correctly.  
 

 3 marks 

Suitable straight line of best fit drawn. 1 mark  
 Total: 4 marks 
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There is a formula that can be used to estimate the age of a hedge. 
 

 
 

The hedges in field 3 are 142 years old.  
c) Determine the age of the hedges in field 4. 

Age = (2.3 × 110 + 30)  1 mark 
283 (years) 1 mark 
 Total: 2 marks 

 
 
 

d) To increase crop yields and efficiency, many farmers use large agricultural machines.  
Using this machinery is easier in larger fields. 
 

Suggest two reasons why a farmer would choose to use larger, more efficient machinery. 
Any two from:   
• To save time / work faster. 
• To reduce labour costs / employ fewer people. 
• To increase profit / financial gain. 
• To increase crop yield. 

 

 Total: 2 marks 

 
 
e) Creating larger fields often involves removing hedgerows. 

 

Explain the negative impact that removing hedgerows could have on the biodiversity of the farmland. 
Use the data from the investigation to support your answer. 
An explanation linking the following points:  
Removing hedgerows destroys habitats / removes shelter / removes food sources.  
 

1 mark 

This leads to a decrease in the number of species / reduction in biodiversity. 
 

Allow animals / insects / birds / plants for species. 

1 mark 

Data supports this, showing larger fields have hedges with fewer plant species / 
lower biodiversity, e.g. Field 4 (1000m²) has 2.3 species/m whereas Field 3 
(6500m²) has 1.4 species/m. 
 
For the third mark, the student must use comparative data from the table to show 
the negative correlation. 

 
 

1 mark 

 Total: 3 marks 
 

(Total for Question 9 is 14 marks) 

 


