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Section A

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

1. Fish play a key role in the functioning of temperate shallow lakes. They affect nutrient cycles and 
interactions between trophic levels. Studies were done to compare fish community structure and 
dynamics between shallow lakes in Denmark (temperate) and in Uruguay (subtropical).

The following organisms were found in one of these lakes:
 y macrophytes – large aquatic plants
 y zooplankton – microscopic animals
 y piscivorous fish (eat other fish)
 y algae – aquatic plants
 y omnivorous fish (eat plants and animals)
 y planktivorous fish (eat plankton)
 y phytoplankton – microscopic plants
 y herbivorous fish (eat plants)

(a) (i)  Draw a food chain of four trophic levels for the lake. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(ii) Suggest one way that fish can increase the nutrient content in shallow lakes. [1]
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(Question 1 continued)

Investigators counted the number of individuals of different fish species in the temperate and 
subtropical lakes.

25 20 15 10 5 0 10 20 200 225 250 275

Temperate Subtropical

Fish density / number of individuals m−2

C. decemmaculatus
J. multidentata
C. paleatus
C. interruptus
P. caudimaculatus
H. luetkenii
C. rachovii
H. commersonii
A. facetus
H. meridionalis

S. erythrophthalmus
R. rutilus

P. fluviatilis
C. carassius

E. lucius

(b) Distinguish between the fish communities in the temperate and subtropical lakes. [2]
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(Question 1 continued)

The scientists measured the length of the fish found in the temperate and subtropical lakes.

Temperate Subtropical

Mean fish length / cm
8 6 4 2 0 2 4 6 8

C. decemmaculatus
J. multidentata
C. paleatus
C. interruptus
P. caudimaculatus
H. luetkenii
C. rachovii
H. commersonii
A. facetus
H. meridionalis

S. erythrophthalmus
R. rutilus

P. fluviatilis
C. carassius

E. lucius

(c) (i)  Compare and contrast the mean length of the fish found in the two types of lakes. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Using the data from both graphs, estimate the mean length of the fish with the 
greatest density in the subtropical lake. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(This question continues on the following page)
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(Question 1 continued)

Daily samples were taken of the numbers of fish found among floating plants and submerged 
plants in both types of lakes in order to study their preferred habitats.
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(d) (i)  Identify the habitat in which the greatest density of omnivores was found. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Based on the information presented, suggest a reason for each of the following observations:

(ii) Planktivores are found in larger densities than piscivores in both habitats in both 
types of lakes. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) Smaller fish are more abundant among submerged plants than among 
floating plants. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(This question continues on the following page)
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(Question 1 continued)

Water transparency was measured with a Secchi disk by lowering it in water and measuring 
the depth at which it is no longer seen. A greater depth recorded in meters indicates greater 
transparency of water.

The data on the depth of the Secchi disk was then correlated with the number of fish species 
found among plants in the two types of lakes.
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(Question 1 continued)

(e) Discuss the relationship between the number of fish species found among plants and 
water transparency in each type of lake. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(f) Based on all the information presented, predict one effect that warming due to climate 
change could have on fish community structure in temperate lake ecosystems. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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2. The electron micrograph shows structures in a plant cell.

(a) (i)  List two structures seen in the electron micrograph that identify this as a plant cell. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Calculate the actual length of the organelle labelled X. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) The plant cell in the micrograph performs all functions of life. Explain the reason 
that this cell needs to carry out excretion. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(This question continues on the following page)
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(Question 2 continued)

(b) The micrograph shows onion (Allium cepa) root tip cells.

Explain what a high mitotic index could indicate. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



– 12 – 2224 – 6011

24EP12

3. Evolution occurs when heritable characteristics of a species change.

(a) Below is an evolutionary chart of elephants.

38 million
years ago

24 million
years ago

5 million
years ago

2 million
years ago

10 000
years ago

Eocene Oligocene Miocene Pliocene Pleistocene Today

PalaeomastodonPalaeomastodonPalaeomastodon GomphotheriumGomphotheriumGomphotherium PrimelephasPrimelephasPrimelephas

AnancusAnancusAnancus

MammuthusMammuthusMammuthus

ElephasElephasElephas

LoxodontaLoxodontaLoxodonta

MammutMammutMammut

StegodonStegodonStegodon

MammothMammothMammoth

Asian elephantAsian elephantAsian elephant

African elephantAfrican elephantAfrican elephant

MastodonMastodonMastodon

(i) Identify which species is most closely related to the Asian elephant. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) State the type of evolution that occurred with the elephants and their ancestors. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(This question continues on the following page)



– 13 – 2224 – 6011

Turn over

24EP13

(Question 3 continued)

(b) (i)  List two features that are present in prokaryote cells that distinguish them 
from eukaryotes. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Explain the evolution of antibiotic resistance in bacteria. [3]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



– 14 – 2224     – 6011

24EP14

4. (a)  Draw a labelled diagram showing the structure of a DNA nucleotide. [3]

(b) Meselson and Stahl grew bacteria in a medium with 15 N (heavy nitrogen) so that all 
bacteria in the parental culture contain heavy DNA. They then transferred some of the 
bacteria to a medium with 14 N (light nitrogen).

Samples were taken at 0, 20 and 40 minutes and centrifuged with the results as shown.

Sample at
0 minutes

Sample after
20 minutes

Sample after
40 minutes

Parent First
generation

Second
generation

METHOD

Parental culture

(This question continues on the following page)
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(Question 4 continued)

(i) Explain the results of the first and second generation. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) State the conclusion Meselson and Stahl drew from their experiment. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Section B

Answer one question. Up to one additional mark is available for the construction of your answer. 
Answers must be written within the answer boxes provided.

5. Living organisms depend on energy in order to carry out their essential functions.

(a) Triglycerides are used as energy stores by living organisms. Describe their structure 
and properties. [4]

(b) Outline the flow of energy through an ecosystem. [4]

(c) In order for humans to obtain energy from their food, they must digest and absorb 
molecules that can release energy. Explain the processes that occur in the digestive 
system from the time triglycerides are ingested until they are absorbed. [7]

6. Genetic information controls the production of all proteins needed by the body to carry out 
its functions, including proteins acting as enzymes and hormones as well as proteins for 
structures and transport.

(a) Outline protein structure. [4]

(b) Describe the role of two named hormones in the regulation of blood sugar levels. [4]

(c) Explain the stages and processes of meiosis leading to genetic variation. [7]
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Disclaimer:

Content used in IB assessments is taken from authentic, third-party sources. The views expressed within them belong to their 
individual authors and/or publishers and do not necessarily reflect the views of the IB.
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