
Sponsored by The Science Foundation College 256 753 802709 

 

 

 

A-level 

UACE biology 2008 paper 2 

SECTION A 

1. Table 1 shows percentages by volume of some gases in inspired air, expired air and alveolar air in 

a resting human being. 

Table 1 

Gas  Percentage volume (%) 

 Inspired air Expired air Alveolar air 

Oxygen 20.90 15.30 13.90 

Nitrogen  78.60 74.90 No data 

Carbon dioxide 0.03 3.60 4.90 

Water vapour 0.47 0.20 No data 

 

Figure 1a and b show effects of increased carbon dioxide concentrations in inspired air, on the volume 

of air breathed in and out per minute and on the breathing rate respectively. 
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(a)  Explain why  

 (i) The percentage volume of oxygen in expired air is 

intermediate between the inspired and alveolar values. 

(04marks) 

 (ii) There is a difference in the percentage volume of 

nitrogen between inspired and expired air. 

(04marks) 

(b) (i) Using the information in figure 1, calculate the mean 

volumes of a single breath in and out at different carbon 

dioxide in inspired air. Indicated in table 2. 

(3 ½ marks) 

 

Table 2 

Percentage concentration of CO1 in 

inspired air. 

0 1 2 3 4 5 6 

 

 (ii) Plot s graph showing the mean volume of a single breath against 

percentage concentration of carbon dioxide in inspired air 

(5 ½ marks) 
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(c)  Describe the effect of the increase in carbon dioxide concentration 

in inspired air on the 

 

 (i) Volume of air breathed in and out per minute. (03marks) 

 (ii) Breathing rate. (03marks) 

 (iii) Mean volume of a single breath in and out  

(d)  Explain the effect of the increase in carbon dioxide concentration 

in inspired air on the  

 

 (i) Volume of air breathed in and out per minute. (02marks) 

 (ii) Breathing rate. (02marks) 

 (iii) Mean volume of a single breath in and out  

(e)  Outline the physiological effects in the body of breathing in excess.  

 (i) Carbon dioxide (04marks) 

 (ii) Oxygen  

 

Solution 

(a) (i) The amount of oxygen in inspired air is equivalent to that in atmospheric. 

• Some oxygen in inspired air is absorbed into the blood stream in the alveolar thus alveolar air 

contains less oxygen than inspired air. 

• During transit, some air does not reach the respiratory surface in the alveoli. It is trapped in 

the respiratory air ways (inspired) air. 

• The air expelled from the alveoli mixes with the air in the dead spaces, this increases the 

oxygen content in expired air to a value above alveolar air though less than atmospheric 

(inspired) air. 
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(ii) Percentage composition of a particular gas in the air depends on the number and amount of 

components in the air. 

Although nitrogen is not used in the body and does not take part in the gaseous exchange, its 

percentage in the inspired air is greater than in expired air. This is because expired air contains 

an increased amount of components such as water vapour and carbon dioxide. This reduces the 

proportion per unit volume occupied by nitrogen in expired air. 

(b) (i) mean volume of breath = 
𝑣𝑜𝑙𝑢𝑚𝑒 𝑏𝑟𝑒𝑎𝑡ℎ𝑒𝑑 𝑖𝑛 𝑎𝑛𝑑 𝑜𝑢𝑡 𝑝𝑒𝑟 𝑚𝑖𝑛𝑢𝑡𝑒

𝑏𝑟𝑒𝑎𝑡ℎ𝑖𝑛𝑔 𝑟𝑎𝑡𝑒
𝑑𝑚3/𝑏𝑟𝑒𝑎𝑡ℎ 

% of CO2 in inspired air 0 1 2 3 4 5 6 

Mean volume of single 

breath/dm3 

0.58 0.67 0.75 1.00 1.00 0.88 0.81 

Note: the values in the table are obtained using the formula above. For example, when the percentage 

of CO2 in inspired air is zero (0), the mean volume per breath is given by 

Mean volume per breath =
7𝑑𝑚3𝑚𝑖𝑛−1

12 𝑏𝑟𝑒𝑎𝑡ℎ𝑠 𝑚𝑖𝑛−1 = 0.58𝑑𝑚3/𝑏𝑟𝑒𝑎𝑡ℎ 

(ii)  
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(c). (i) When percentage of carbon dioxide increases from 0-2%, the volume of air breathed in and 

out increases gradually from 7-9dm3. 

From 2.4% carbon dioxide, volume of the air breathed in and out increases rapidly from 9-

18dm3. 

From 4-6% carbon dioxide, volume of air breathed in and out increases gradually from 18-

22dm3. 

(ii)    Breathing rate is constant at 12 breathes/minute when carbon content increases from 0-3%. 

Breathing rate increases rapidly linearly to 18 breaths/min when carbon dioxide content 

increase from 3-4%. 

Breathing rate then increases gradually up to 27 breaths/min when carbon dioxide content 

increases from 4-6%. 

(iii) Mean volume per breath increases gradually for carbon dioxide increase from 0-2%. It increase 

more rapidly from 2-3% and then becomes constant in 1.0dm3/breath of carbon dioxide from 3-

4%. 

The mean volume per breath then reduces gradually to 0.81dm3/breath for carbon dioxide 

increase from 4-6% 

(d) (i)  

• Increase in carbon dioxide concentration in inspired air cause an increase a depth of breathing, 

increasing the volume of air breathed in and out. This is so in order to enhance removal of 

excess carbon dioxide.  

• Very high carbon dioxide content is inhibitory to respiratory muscle contraction as a result of 

anaerobic accumulation of lactic acid in them. When this occurs, the muscles are fatigued and 

no longer able to expand the chest further and the volume of air breathed in and out increases 

gradually at a decelerating rate.  
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(ii)  

• High Carbon dioxide content in blood stimulates to the respiratory centre to get rid of excess 

carbon dioxide 

(iii). Mean volume per breath increase with percentage of carbon dioxide in inspired air as a result of 

respiratory stimulation. However, the capacity of the lungs is so fixed that the mean volume increases 

up to a maximum and becomes constant. 

At very high carbon dioxide percentages in inspired air, the breathing rate is so high rate time is not 

allowed for the volume per breath to accumulate to lung capacity. Thus the mean volume per breath 

decreases subsequently. 

(e).  

(i) Carbon dioxide reacts with water in the blood stream to form carbonic acid under the action of the 

enzyme carbonic anhydrase. This produces hydrogen ions which lower the blood pH and this has 

the following physiological effects. 

It decreases hemoglobin affinity for oxygen, making it more efficient at picking up carbon dioxide 

and releasing oxygen. This reduces the oxygen carrying capacity of the blood. 

When detected by chemoreceptors in the carotid sinus and aortic arch, there is a reflex stimulation 

of the respiratory center leading to increase in breathing rate. 

It inhibits enzymes and hence stops essential metabolic processes. 

If the pH becomes very low it can denature proteins in the body thus impairing their action. 

(ii) In the tissue, oxygen acts as the final electron in the election transport system in mitochondria, 

leading to formation of ATP, in this process, energy is lost in the form of heat that increases the body 

temperature. 

In excess of oxygen, therefore, there is excessive production of heat which elevates body temperature. 

Evaluated body temperature enhances the respiratory process further, creating a vicious cycle of 

events (positive feedback) that may eventually burn out the body cells (oxygen poisoning) 
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Excess oxygen also inhibits certain enzymes involved in the Kreb’s cycle thus interfering with cell 

respiration. 

 

SECTION B 

2. (a) Outline the events that lead to the formation of pollen grains in flowering plants. 

(b) How does the development of the embryo sac in flowering plants differ from oogenesis in 

humans? 

(c). Give an outline of the life cycle of a named pteridophyte. 

Solution 

(a) This question requires that you describe what happens in the anthers during formation of 

pollen grains from the meristematic cells to mature pollen grains. However, you should start 

by indication where in the plant, this process occurs. 

Pollen grains are formed from meristematic cells in pollen sacs of the anthers. 

In infancy, each pollen sac consists of a homogenous mass of meristematic cells. 

During development, these cells differentiate into four layers of cells. The central layer called 

the sporogenous layer divides to produce a number of microspores, also called pollen mother 

cells. 

Pollen mother cells divide by meiosis and each produces four haploid cells. 

Each haploid cell develops a tough productive wall around itself and becomes a pollen grain. 

Complete maturation involves mitotic division of the haploid nucleus inside the pollen grain 

to form two haploid nuclei of unequal size. The larger is called the generative nucleus and 

smaller is the pollen tube nucleus. 
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(b) In this question you should compare the events that occur during either process up to and 

including the products of each process. 

Development of embryo sac Oogenesis 

Develops primarily by mitosis from dedicated 

haploid functional mega spore cells. 

Development involves meiotic and mitotic 

divisions of diploid germ cells. 

Results in a cell with 8 nuclei Results in a mature egg cell with only one 

nucleus. 

No polar cells are formed 3 polar cells are formed but atrophy 

(degenerate) 

No yolk sac is formed A yolk sac is formed. 

(c). In this questions, you should state the example of a pteridophyte and then outline its life cycle. 

A fern is an example of a pteridophyte. 

The life cycle of a fern alternates between two generations; a diploid sporophyte which is 

dominant and a haploid gametophyte generation as shown; 

Method 1 
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Method 2; 

• The gametophyte (prothallus) bears special gamete-forming organs; antheridia which 

produce sperms (antheroziods) and archegonia which produce eggs (oosphere). From 

these structures, the gametes are formed by mitosis. 

• Sperm (antheroziods) are released from the antheridia and brought into contact with the 

eggs(oosphere) by swimming) towards the archegonium. The antherozoid and oosphere 

fuse to form a diploid zygote which grows into a sporophyte. 

• The sporophyte is a self-supporting plant bearing specialized structures in which they are 

scattered over as wide an area as possible. 

• The spores then germinate into a gametophyte. This is a flat plate of photosynthetic cells 

anchored by simple hair-like rhizoids to the soil. The gametophytes then repeat the cycle. 

 

3. (a) Describe the structure of DNA. 

(b) Using an example, explain an effect of gene mutation in humans. 

(c) What is the significance of mutation in crop husbandry? 

Solution 

(a) In this question you should outline the structural components of DNA and show how they are 

linked to form the DNA molecule. 
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• A DNA molecule is composed of two antiparallel polynucleotide chains as shown above. 

• Each chain consists of repeated units of deoxyribonucleotides formed by a deoxyribose sugar 

phosphate backbone with nitrogenous bases as side branches. 

• The two polynucleotide chains are twisted around a common axis to form a right handed 

double helix. 

• These two chains are held together by hydrogen bonds between the nitrogenous bases from 

either chain. Adenine in one chain is always pairs with thymine of the other by two hydrogen 

bonds while cytosine pairs with Guanine by three hydrogen bonds. 

• The arrangement of these nitrogen bases gives DNA its identity. 

• DNA in eukaryotes is wound around histone proteins to form chromosomes. 

• In prokaryotes, it occurs in a circular shape. 

 

(b) In this questions, first show your understanding of the term gene mutation. Then using suitable 

examples outline the effect of this process in humans. 

A gene mutation is a sudden irreversible change in the structure of a gene. It is also called point 

mutation. It results in loss or change of function of the gene in question. Gene mutation is the 

cause of some of the disease called genetic disease. Example is sickle cell anemia; 

This is caused by a mutation in the gene responsible for synthesis of β – polypeptide chains in 

hemoglobin. 

This results in replacement of glutamine with valine in position 6 of the chains, leading to 

formation of hemoglobin S. 

The condition has the following effects. 

• Hemoglobin S crystallizes at low oxygen tensions, making the red blood cells fragile and to 

adopt a sickle shape. They can hardly pass through capillaries and the spleen sinusoids. 

• The red blood cells become more easily hemolyzed in the liver and spleen. This reduces the 

number of red blood cells causing anaemia. 

• Bilirubin, the bi-product of hemoglobin breakdown, accumulates in the body and causes 

yellowing of the body surface membranes especially the sclera (jaundice) 
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Note: other conditions that occur due to gene mutation include; 

• Alkaptonuria 

• Phenylketonuria 

• Albinism 

(c). In this question you should point out how the effect of a mutation is of importance in crop 

husbandry. 

Mutations can induce polyploidy in plants causing hybrid vigor. This leads to; 

• Increased crop yield 

• Increased pest and disease resistance 

• Increase size of fruits, leaves and flowers. 

• Faster rates of growth. 

 

4. (a) Give an outline of the classification of muscular tissue. 

(b) Describe the structure of the phloem and cardiac tissues. 

(c). Explain how the structures of the phloem and cardiac muscle are related to their functions 

Solutions  

(a) Muscular tissues are classified into three groups. thus; 

• Skeletal or striated muscle. 

• Cardiac muscle 

• Smooth or unstriated muscle. 

• Voluntary and involuntary muscles 

(b) Structure of phloem 

• This is a vascular conducting tissue whose structure is composed of sieve tubes, phloem 

parenchyma and companion cells. 

• Sieve tubes are living, slender, elongated tubular cells connected end-to end. Their cell 

walls are thin but made up of cellulose. They have large cavities with transverse walls 

obliquely placed and perforated with numerous sieve pits. These are called sieve plates. 
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The cells have no nuclei but the living layers of protoplasmic strands have direct 

continuous connection through sieve pits from one cell to another. 

• Companion cells are living, elongated, thin walled cells with prominent nuclei and dense 

cytoplasm lying close and parallel to the sieve tubes. 

• Phloem parenchyma and sclerenchymatous fibers lay in association with other cells giving 

them support. 

Structure of cardiac muscle. 

• This consists of a network of branched muscle fibers in the walls of the heart. 

• The fibers are short, cylindrical, branching and separated by loose connective tissue rich in 

blood capillaries. 

• The fibers are joined end-to end and are interconnected by oblique bridges to form zig-zag 

junctions called intercalated discs. 
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(c). In this question, examine the structure of particular parts of the tissue and relate this to the 

function. 

Phloem 

• The sieve tube cells are elongated, tubular and placed end to end to from a continuous channel 

for transportation of materials. 

• Cavies of the sieve tubes are large to aid mass flow of materials. 

• The sieve plates are performed by numerous pores to allow the passage of materials from one 

sieve element to the next. 

• The sieve tube cells have no nuclei hence avail more space for translocation. 

• The companion cells are highly metabolic to sustain needs of the sieve tube. 

• Phloem parenchyma aids in the storage of food and in controlling slow conduction. 

• Phloem fibers provide mechanical support and rigidity to plant organs. 

Cardiac muscle. 

• The intercalated discs allow fast transmission of impulse from one fiber to the another by 

allowing rapid passaged of ions. This allows spread of an impulse through the muscle. 

• The numerous blood capillaries quickly deliver oxygen and nutrients to the muscles and 

remove wastes to allow the muscles to contract without fatigue. 

• The fibres contain action and myosin which contract. 

• The fibres branch and cross-connect with each other allowing the entire heart to behave as a 

unit. 

 

5. (a) Explain how light may affect the activities of organisms. 

(b) Why does transpiration occur mainly through leaves other than other parts of a plant? 

Solution; 

(a). In this question you should outline how the activities, (both physical and physiological) of both 

plants and animals are affected by light. 

• Light is an important abiotic factor which affects both plants and animals greatly. 
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Plants 

• Photoperiodism: The duration of day light, called the photoperiod determines the time of 

flowering and growth in plants. It also controls leaf fall, bud dormancy and appearance of 

leaves. 

• Light is essential for synthesis of plants pigments such as chlorophyll in plant leaves. 

• Plants usually show bending growth movements in response to unidirectional exposure to 

light (phototropism) 

• Some plants show folding of leaves during the night (e.g. oxalis) while some fold their leaves 

during the mid-day 

• Morning glory fold flowers in absence of light. 

• Light intensity is a stimulus for the opening or closing of stomata in plants. 

Animals 

• Photoperiod affect breeding behaviour of insects, certain birds and animals. 

• It also influences migration of animals such as birds, eels and salmons. 

• Seasonal changes in color in certain birds and mammals are related to variation in day length. 

Certain aquatic animals lose their color when shielded from light. 

• The photoperiod also regulates the circadian rhythm, an inherent response of animals of light 

conditions. The appearance of light induces certain behaviour in animals while its 

disappearance attenuates it according to animal’s inherent biological clock. For example, 

going to sleep at night the waking up in the morning. 

• Light affects daily movement of animals. Some animals avoid light and hide during day. They 

only become active at night (nocturnal) 

• Light increases enzymatic and general metabolic activity of animals  

(b) Transpiration is the process by which plants lose water vapour through their aerial part. It may 

occur through leaves, green stems and lenticels of woody stems, but 90%occur through the 

leaves.  
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Explanation  

• Leaves are numerous and so offer a larger surface area for escape of water vapor by diffusion 

from plants.  

• Leaves contain numerous pores (stomata) through which a large amount of water vapour can 

escape  

• The spongy mesophyll cells have large intercellular spaces in which water can easily 

evaporate from neighboring cells to enhance its exit as water vapour from the plants. There 

are no such intercellular spaces in the other plant parts.  

• Leaves are covered with a thinner cuticle which offers less resistance to the escape of water 

• Being at the terminal point of the transpiration pull, leaves lose more water to enhance its 

uptake from the soil and its distribution to the rest of the plant.  

 

6. (a) (i) What are chemoherotrophic bacteria?  

(ii) Give three group of the type of bacteria 

(b) Using example, explain the ecological importance of each of the group in (a) (i) in an 

ecosystem. 

Solution (a)  

(i) Chemoheterophic bacteria are bacteria which use externally obtained chemical substances 

as their source of food and energy. They are not capable of manufacturing their own food  

(ii) (ii) examples of groups of chemoheterophic bacteria include;  

• Saprophytic bacteria  

• Parasitic bacteria  

• Symbiotic bacteria.  

(b) The importance of bacteria in the ecosystem depends on their activities in the ecosystem;  

• Saprophytic bacteria derive organic materials from decomposition of dead and decaying 

organic matter. Examples include; putrefying bacteria. They decompose dead bodies of plants 

and animals and covert their complex body building compounds into simpler substances. 
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These are taken up by green plants and used to synthesize new organic compounds. In this 

way these bacteria help in recycling of materials which would otherwise have been lost from 

the ecosystem.  

• Parasitic bacteria are important in causing disease to organisms in the ecosystem. They 

include cocci and bacilli. They diseases that may lead to death of non- resistant organisms in 

ecosystem. This leads to population regulation and reduction in competition for resources in 

the ecosystem. It may also lead to emergency of new species in the ecosystem.  

• Symbiotic bacteria live in association with other organisms, deriving benefit from the and 

causing no harm to them. For example, a rhizobium bacterium which lives in association with 

roots of leguminous plants fixes nitrogen from the atmosphere into nitrates in the soil. These 

can then be utilized by plants and other organisms in the ecosystem. Cellulose producing 

bacteria in the gut of wood eating ants derive shelter from the ants but produce cellulose 

enzyme that helps the ants to utilize cellulose in their diets. They thus help in recycling of 

nutrients locked in the cellulose of mood.  

 


