
WJEC (Wales) Biology A-level
Topic 3.5: Population Size and 

Ecosystems
Questions by Topic 
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The red kite (Milvus milvus) was at one time a common bird of prey in Britain, but by the end of the 19th

century it had been driven almost to extinction and just three pairs survived in mid-Wales. As a result of

conservation efforts, numbers rose during the 20th century. The table below shows numbers of breeding

pairs for years when accurate counts or estimates are available.

4.

(a) Use the data to draw a graph to show the increase in the number of breeding pairs of red kites in 

Wales between 1933 and 2009.
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(b) Assuming no net migration, state with a reason whether it was the birth rate or the death rate which

was greater between 1976 and 1986.

[1]

(c) (i) Suggest two density dependent factors, which might prevent numbers of red kite continuing to rise.

[2]
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(ii) Suggest one density independent factor that might cause the population of red kite in Wales to crash in

the future.

[1]

The photograph below shows root nodules on a plant.

(a) Name the group of plants which have large numbers of root nodules on their roots.

[1]

(b) Explain the advantage to these plants of having root nodules.

5.
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[3]

(c) Nitrosomonas and Nitrobacter are two groups of bacteria which carry out nitrification.

Explain this process and why it is so important to soil fertility.

[3]

The treatment of sewage produces sludge as a product. This sludge contains high concentrations of

nitrogen compounds such as nitrates and ammonia.

Experiments have been carried out into the leaching of nitrate from grassland to which sludge has been

applied. The sludge was applied to two areas of grassland. On one area it was spread onto the surface

whilst in the other it was injected at various points across the area.

6.
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The rate of leaching was measured by taking samples from the water flowing through the soil and

measuring the concentration of nitrate in them after different volumes of rainfall had fallen.

The graph below shows the results obtained.

(a) (i) State two precautions that should be taken to ensure that the results are reliable.

[2]

(ii) Using the information in the graph describe fully the relationship between the leaching of nitrate and

rainfall.

[2]
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(iii) Using the data from the graph opposite, what advice would you give to a farmer as to the best time to

apply sludge to the farmer's field for maximum benefit?

[1]

(b) The presence of high nitrate levels in rivers can lead to eutrophication. Briefly describe why

eutrophication can result in the death of fish and many invertebrates in a river.

[3]

(c) Describe and explain what type of crops a farmer could grow to increase the nitrate level in the soil

without using fertilisers, such as sludge.

[3]

(a) Explain what is meant by the term gross primary productivity.7.
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[1]

(b) It has been found that an increase in temperature has a greater effect on the rate of respiration in a

plant than on the rate of photosynthesis. 

Using this information, explain what effect an increase in temperature has on the net primary productivity.

[2]

(c) (i) Give two ways by which energy is lost as it passes from one trophic level to the next.

[2]

(ii) Consumption efficiency is defined as the percentage of net production at one trophic level that is

consumed by the next.

Suggest why the consumption efficiency of herbivores is much lower than that of carnivores.

[2]
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(d) Tropical marine or tropical lake ecosystems generally have one or two more trophic levels than

terrestrial ecosystems. Suggest one reason why this is the case.

[1]

The following is a quotation from an ecological investigation.

“Lowland heaths are high-profile ecosystems for conservation action in England, but they are under threat

from invasion by Betula spp., Pinus sylvestris, and Ulex europaeus.”

[R.J. Mitchel et al. Journal of Applied Ecology, 1997, 37, 1426-1444]

(a) Distinguish between primary succession and secondary succession.

[2]

The authors studied a number of heathland sites in Dorset including Arne, Blackhill, and Higher Hyde,

where succession to one or another of the three species had taken place. The data below are based on

the paper but have been simplified and modified for illustrative purposes. The successional stages in the

study were named according to the dominant invasive species; plus B, where Betula spp, was the

invader, plus PS, where Pinus sylvestris was the invader and plus U, where Ulex europaeus, was the

invader.

8.
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(b) The group examined changes in soil chemistry from the original heath stage. Some of their results are

summarised in the table below:

(i) What do the pH values tell us about the soil in all stages in all sites?

[1]

(ii) Use mean values from the table above to compare three changes to soil chemistry following invasion

by Betula spp. with the changes following invasion by Ulex europaeus.

[3]

pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . .
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phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .

nitrate/nitrite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .

(c) The table below shows changes to the vegetation in the successional stages:

(i) Which invading species has least impact on the vegetation on the original heathland?

(ii) With reference to the data for plus B in both tables suggest a mechanism by which changes to

vegetation occur during succession.

[1]
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(d) Sixteen years later some of these successions have reached their natural conclusions.

(i) What name is given to the group of organisms that inhabit the ecosystem at the end of successional

change?

[1]

(ii) What usually happens to species diversity as succession proceeds?

[1]

(iii) Using named species from the table in part (c) explain why conservationists in Dorset are taking steps

to prevent plus B and plus PS succession in heathland, but are less worried about type plus U

succession.

[2]

Computer modelling is being used increasingly to represent aspects of the nitrogen cycle. One

programme describes the annual flow of nitrogen in grazed grassland.

9.
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Annual flow of nitrogen through the nitrogen cycle (kg/ha)

* The term volatilisation is the natural loss of ammonia gas derived from faeces and urine to the

atmosphere.

(a) (i) Give one example of an organic nitrogen compound and one example of an inorganic form of

nitrogen which could be referred to in boxes A and B.

[1]

Organic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Inorganic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Name the process referred to by arrows C and D.

[2]

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) Explain one way by which the farmer could decrease the effect of process D.
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[2]

(iv) Clover has bacteria living in root nodules.

I. Name the genus of these bacteria.

[1]

II. State how these bacteria increase the availability of compounds of nitrogen in the soil.

[3]

(b) Calculate the annual mass of nitrogen flowing into clover from inorganic nitrogen.

[1]

Answer = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . kg/ha

(c) The average application of nitrogen to fields growing wheat in the UK is 190kg/ha. Dairy grassland

farmers need to add less (about 170kg/ha). Suggest two reasons to account for the difference.

[2]

1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . .
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2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . .

10.
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The nif gene is the gene coding for the synthesis of nitrogenases, found in nitrogen fixing bacteria.

Rhizobium is a mutualistic nitrogen fixing bacteria forming a relationship with legume species.

In some species of Rhizobium, the nif genes are located on plasmids.

(a) Name the form of nitrogen produced by Rhizobium that is 'available to plants'. [1]

20.
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(b) Name another genus of nitrogen fixing bacteria.

[1]

(c) State precisely where Rhizobium would be found in the legume.

[1]

(d) Suggest how the relationship between Rhizobium and a legume species is beneficial to both

organisms.

[2]

(e) What are plasmids?

[1]
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