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14. The diagram shows the structure of a chloroplast. Where does the Calvin cycle occur?

A.

C.

D.

B.

15. The micrograph shows alveoli in a human lung.

Type I pneumocyte

Type II pneumocyte

How are the pneumocytes adapted to their function?

Type I pneumocytes Type II pneumocytes

A. many secretory vesicles (lamellar bodies) many secretory vesicles (lamellar bodies)

B. many secretory vesicles (lamellar bodies) large number of mitochondria

C. large number of mitochondria extreme thinness 

D. extreme thinness many secretory vesicles (lamellar bodies)
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23.	 The graph shows changes in lung volume during normal ventilation and forced ventilation  
(taking a deep breath).
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What is the vital capacity?

A.	 7 ml kg-1

B.	 37 ml kg-1

C.	 65 ml kg-1

D.	 80 ml kg-1
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23.	 Emphysema is a condition where the alveoli of the lungs are destroyed, resulting in patients feeling 
out of breath. The micrograph shows air pockets resulting from emphysema.

What is a direct consequence of the destruction of alveoli?

A.	 Decrease in surface area for gas exchange

B.	 Increased blood flow to the lungs

C.	 Increase in pulmonary surfactant production

D.	 Decrease in ventilation rate

24.	 Which environmental condition(s) would increase the rate of transpiration in plants?

I.	 Increased carbon dioxide concentration in the atmosphere

II.	 Increased temperature of the atmosphere

III.	 Decreased humidity of the atmosphere relative to the inside of the leaf

A.	 I and II only

B.	 III only

C.	 II and III only

D.	 I and III only
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25.	 Two oxygen dissociation curves in an adult human are shown.

What is the explanation for the shift of the dissociation curve to the right-hand curve?

Carbon dioxide Affinity of haemoglobin for oxygen

A. dissociates from haemoglobin increases

B. dissociates from haemoglobin decreases

C. associates with haemoglobin increases

D. associates with haemoglobin decreases
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Answer all questions. Answers must be written within the answer boxes provided.

1.	 Oxygen dissociation curves show the percentage of oxygen saturation of adult haemoglobin (Hb) 
at different oxygen concentrations, as measured in partial pressure of oxygen (pO2 ).
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(a)	 Identify the percentage of oxygen saturation of haemoglobin at a partial pressure of 
40 mmHg.� [1]

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

(b)	 Describe the relationship between partial pressure of oxygen (pO2 ) and percent 
saturation of haemoglobin.� [2]
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(c)	 On the graph, sketch an oxygen dissociation curve for foetal haemoglobin.� [1]

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

(d)	 Describe an adaptation of haemoglobin for the transport of oxygen.� [1]
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(e)	 Describe how tidal volume can be measured in a human.� [3]
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Section B

Answer two questions. One additional mark is available for the construction of your answers for 
each question. Answers must be written within the answer boxes provided.

8.	 Eukaryotes are a diverse group of organisms, including animals and plants.

(a)	 Distinguish between structures in animal and plant cells.� [3]

(b)	 Outline adaptations of animals to herbivory and ways in which plants are adapted 
to resist herbivores.� [4]

(c)	 Compare and contrast the processes of mitosis and cytokinesis in animal and  
plant cells.� [8]

9.	 Evolution is the change in the heritable characteristics of a population.

(a)	 Describe the evidence for evolution from homologous structures.� [4]

(b)	 Outline the conditions needed and the use of the Hardy–Weinberg equation to 
calculate allele frequencies in a population.� [3]

(c)	 Explain how evolutionary relationships and cladograms can be used for classification.� [8]

10.	 There is a relationship between form and function in the diversity of molecules and of systems.

(a)	 Describe the relationship between codons and polypeptide structure.� [4]

(b)	 Outline the relationship between structure and function in photosystems.� [3]

(c)	 Explain the causes of a decreased blood pH and its effects on the ventilation rate 
in humans.� [8]
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Section B

Answer two questions. One additional mark is available for the construction of your answers for 
each question. Answers must be written within the answer boxes provided.

8.	 Eukaryotes are a diverse group of organisms, including animals and plants.

(a)	 Distinguish between structures in animal and plant cells.� [3]

(b)	 Outline adaptations of animals to herbivory and ways in which plants are adapted 
to resist herbivores.� [4]

(c)	 Compare and contrast the processes of mitosis and cytokinesis in animal and  
plant cells.� [8]

9.	 Evolution is the change in the heritable characteristics of a population.

(a)	 Describe the evidence for evolution from homologous structures.� [4]

(b)	 Outline the conditions needed and the use of the Hardy–Weinberg equation to 
calculate allele frequencies in a population.� [3]

(c)	 Explain how evolutionary relationships and cladograms can be used for classification.� [8]

10.	 There is a relationship between form and function in the diversity of molecules and of systems.

(a)	 Describe the relationship between codons and polypeptide structure.� [4]

(b)	 Outline the relationship between structure and function in photosystems.� [3]

(c)	 Explain the causes of a decreased blood pH and its effects on the ventilation rate 
in humans.� [8]
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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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Section A

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

1. Angora rabbits (Oryctolagus cuniculus) have soft and silky coats with fine hairs that grow 
about 30 mm per month. These hairs can be collected and used as wool. Hair growth in 
mammals depends on stem cells in the base of hair follicles called dermal papilla cells.

Research was carried out to investigate the role of the WIF1 gene in hair growth. Wool was 
collected from 6-month-old angora rabbits. Expression of the WIF1 gene was assessed by 
measuring the quantity of WIF1 mRNA produced in cells taken from each rabbit. The rabbits 
were divided into groups according to their rate of wool production (low or high).

The table shows mean wool production per rabbit in the low and high wool production groups 
and relative expression of the WIF1 gene.

(This question continues on the following page)
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4.	 The graph shows the relationship between blood pH in the arteries and volume of air inhaled 
and exhaled per minute.
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(a)	 State the effect of decreases in arterial pH on ventilation.� [1]

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

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

(b)	 Outline how the pH of arterial blood is monitored by the human body.� [1]

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

(c)	 Explain the main cause of pH changes in the blood.� [2]
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(d)	 State which muscles would contract more vigorously, or more frequently, to increase 
the volume of air inhaled per minute.� [2]
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Section A

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

1.	 To estimate the size of the turtle population, the Fish and Wildlife Research Institute (FWRI) 
conducted an annual survey along the coast of Florida from 1989 to 2021. They counted the 
number of turtle nests on selected beaches where turtles lay their eggs. The graphs show the 
results for the loggerhead turtle (Caretta caretta) and the green turtle (Chelonia mydas).
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(This question continues on the following page)

28EP02

– 13 – 8825    – 6021

Turn over

5. The image shows the location of the lungs and diaphragm in a human.

(a) Explain how contraction of the diaphragm causes air to enter the lungs. [2]
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(b) State another muscle group that causes inspiration when it contracts. [1]
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(c) Outline the role of surfactant in the mammalian lung. [2]
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Section A

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

1.	 Squirrels (small mammals) have evolved several defences against predators. One method 
adopted by California ground squirrels (Otospermophilus beecheyi) against rattlesnakes 
(Crotalus oreganus) is to chew moulted rattlesnake skins, then lick their own fur so they take 
on the scent of a rattlesnake.

An experiment tested the amount of time rattlesnakes spent studying and flicking their tongue 
at filter papers soaked in different liquids. The snakes were released from chamber C into 
foraging area F and observed for 30 minutes. There were two filter papers in area F. One 
was a control paper soaked in distilled water. The other was soaked in one of three types of scent:

•	 squirrel scent 
•	 a mixture of squirrel and rattlesnake scent 
•	 rattlesnake scent.

C

F

(Position changed 
at each trial)

Filter paper

(This question continues on the following page)
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4.	 Multicellular organisms need efficient exchange surfaces where molecules can move 
between tissues and their surroundings. In mammals, gas exchange takes place in the 
alveoli of the lungs.

capillary 

alveolus

O2

O2

O2 O2

CO2

CO2

CO2

CO2

(a)	 Describe how the exchange of gases is brought about between the alveoli and the blood.� [3]
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(Question 4 continued)

The images show the lungs of a human and the gills of a fish taken with a light microscope.

Alveoli in the lungs of a human Gills from a fish

(b)	 Describe two features common to the exchange surfaces of alveoli and gills.� [2]
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(Question 4 continued)

The image shows cells from the wall of a proximal convoluted tubule of a rat kidney.

(c)	 Outline the visible features of these cells that adapt them for reabsorption of materials 
from the glomerular filtrate.� [2]
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