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36. A capture–mark–release–recapture experiment was used, together with the Lincoln index formula 
(population size estimate = M × N/R), to estimate the population size of common periwinkles 
(Littorina littorea) on a rocky shore. The table shows the data collected.

Individuals captured and marked initially 100

Individuals recaptured  50

Marked  individuals recaptured    10

What is the estimated size of the population? 

A. 160

B. 500

C. 1000

D. 5000

37. Which organisms use oxidation of simple inorganic substances as an energy source?

A. Photoautotrophs

B. Heterotrophs

C. Chemoautotrophs

D. Saprotrophs
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34.	 How are interspecific hybrids formed?

A.	 Cross-breeding members of different species

B.	 Selective breeding between individuals of the same species

C.	 Reproductive isolation between different species

D.	 Mutations within individuals of a given species

35.	 Which conditions are characteristics of tundra biomes?

A.	 Extreme temperature range and high precipitation

B.	 High temperatures and high precipitation

C.	 Moderate temperatures with distinct seasonal changes

D.	 Low temperatures with low precipitation

36.	 What describes a benefit of the relationship between coral and zooxanthellae?

A.	 Zooxanthellae receive carbon dioxide from the coral.

B.	 Zooxanthellae receive glucose from the coral.

C.	 Coral receives carbon dioxide from the zooxanthellae.

D.	 Coral receives protection from the zooxanthellae.

37.	 Studies show that adding iron to the ocean’s surface triggers the growth of phytoplankton. 
What could be a short-term consequence of stimulating phytoplankton growth in this area?

A.	 Rate of photosynthesis increases, so the ocean becomes the source of carbon.

B.	 Uptake of carbon dioxide into the ocean decreases, so it becomes a sink of carbon.

C.	 Rate of respiration increases, increasing the pH of the ocean.

D.	 Rate of photosynthesis increases, resulting in an increased uptake of carbon dioxide into 
the ocean.
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35.	 A terrestrial food web is shown.

How many species in the food web are only primary consumers?

A.	 3

B.	 4

C.	 5

D.	 6
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39.	 Which of these conditions is/are necessary for genotype frequencies to fit the  
Hardy–Weinberg equation?

I.	 Homozygous recessive phenotypes have lower survival.

II.	 Mating is random.

III.	 The population is small.

A.	 I only

B.	 II only

C.	 II and III only

D.	 I, II and III

40.	 Which action will decrease carbon sequestration?

A.	 Afforestation

B.	 Primary production

C.	 Deforestation

D.	 Rewetting peatlands
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37. The image shows a food web from Chesapeake Bay, USA.
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Which organisms are tertiary consumers in at least one food chain?

A. Small planktivorous fish and tundra swans

B. Herbivorous ducks and bald eagles

C. Wading birds and geese

D. Ospreys and benthic invertebrates

38. What is an outcome of selection?

A. Directional selection increases the size of the gene pool.

B. Stabilizing selection increases allele frequencies of phenotypic extremes.

C. Disruptive selection increases genetic variance in a population.

D. Sexual selection leads to allopatric speciation.
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35.	 The diagram shows the flow of energy between some Arctic species.
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Which organism is a mixotroph?

A.	 Bacteria

B.	 Nanoflagellates

C.	 Micromonas

D.	 Copepods

36.	 What is an example of a population control mechanism within a community?

A.	 Bottom-up control of herbivores by a top predator

B.	 Top-down control of grasses by consumers

C.	 Top-down control of a plant species by soil nutrient availability

D.	 Bottom-up control of dissolved oxygen by corals
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37.	 The diagram shows a pyramid of energy. The unit is kJ m-2 year-1.
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What is a valid conclusion from the data displayed in the pyramid?

A.	 Producers lose almost 16 000 kJ m-2 year-1 as they reflect some sunlight.

B.	 4006 kJ m-2 year-1 is gained by primary consumers.

C.	 Tertiary consumers use 408 kJ m-2 year-1 in life processes.

D.	 21 kJ m-2 year-1 is used by detritivores.

38.	 The Hardy–Weinberg equation, used to calculate expected genotype frequencies in a population in 
genetic equilibrium, is:

p2 + 2pq + q2 = 1

The length of the mouthparts in an insect population is controlled by a gene with two alleles: long 
mouthparts (dominant) and short mouthparts (recessive). The frequency of the allele for long 
mouthparts is 0.72. What is the expected genotype frequency of individuals with short mouthparts?

A.	 0.52

B.	 0.40

C.	 0.28

D.	 0.08

39.	 Which of the following could be a subject of phenological research?

A.	 Timing of budburst in a tree species each year

B.	 Changes in allele frequencies in a population over time

C.	 The relationship between changes in ocean acidification and carbon dioxide concentration

D.	 The emergence of a new species of migratory bird by divergent evolution
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40.	 Increased leaching of nitrogen fertilizers disrupts the stability of aquatic ecosystems such as lakes. 
What change is expected if nitrogen leaches into a lake over time?

A.	 Wilting of surface plants

B.	 Increased biochemical oxygen demand (BOD)

C.	 Weakened mollusc shells

D.	 Bioaccumulation of pollutants at higher trophic levels

�
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Section A

Answer all questions. Answers must be written within the answer boxes provided.

1.	 Common bottlenose dolphins, Tursiops truncatus, are marine mammals of temperate and 
tropical oceans throughout the world, where they feed on fish, squid and crustaceans. 

Research has been carried out on a population of these dolphins in Sarasota Bay, Florida. 
The table shows the mean sea surface temperature in Sarasota Bay and catch per unit effort 
(CPUE) in winter and summer. A large CPUE indicates it would take little effort for the dolphin 
to catch a lot of prey.

Winter Summer

Mean sea surface temperature / °C 22.6 28.7

Catch per unit effort (CPUE) 110.5 663.2

(a)	 (i)	� Calculate the difference between summer and winter sea surface temperatures.� [1]

������������������������������������

(ii)	 Calculate summer CPUE as a percentage of winter CPUE.� [1]

���������������������������������%

(This question continues on the following page)
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4.	 The graph shows carbon dioxide (CO2) concentration in the atmosphere during the past 
800 000 years. The data was produced by measuring the CO2 concentration of air bubbles 
trapped in cores of Antarctic ice.
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(Question 4 continued)

(a)	 State one metabolic process that removes CO2 from the atmosphere.� [1]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(b)	 The graph shows long-term fluctuations in atmospheric CO2 concentration of about 
80 ppm. The decreases in CO2 concentration are probably due to oceans acting as a 
sink by holding large quantities of dissolved CO2.

Identify two other examples of natural sinks that can remove carbon from the carbon 
cycle and reduce atmospheric CO2 concentration.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

(c)	 The graph shows a recent extremely rapid increase in atmospheric CO2 concentration. 
Explain two anthropogenic causes of this increase.� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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33.	 Polyploidy has been a cause of rapid speciation in some plant genera, such as Helianthus. Which 
observation is evidence that speciation has occurred?

A.	 A polyploid plant reproduces asexually.

B.	 A polyploid plant produces male and female gametes.

C.	 Fertile offspring are produced when a polyploid plant crosses with a diploid plant.

D.	 Fertilization can occur between polyploid individuals.

34.	 Yersinia pestis is a bacterium that caused an outbreak of bubonic plague in the 14th century. It 
normally produces ATP in the presence of oxygen but can still produce ATP if oxygen is absent. 
Which term describes this characteristic?

A.	 Facultative respiration

B.	 Facultative anaerobe

C.	 Obligate anaerobe

D.	 Obligate aerobe

35.	 What are common features of holozoic nutrition and saprotrophic nutrition?

Mostly fungi and bacteria Secretion of enzymes to 
digest food

Ingestion of food 
particles

A. ✓ ✓ ✗

B. ✓ ✗ ✓

C. ✗ ✓ ✗

D. ✗ ✗ ✗


