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A-level 
 
Biology Paper 2 2012 

Section A 

1. Figure 1 shows relative changes in dry mass of the endosperm and embryo during germination 

of maize in a well illuminated environment. Figure 2 shows changes of lipids and sugar in 

castor oil seeds during germination in the dark.  
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(a) Explain the changes in each of the following, during germination of maize.  

(i) Dry mass of endosperm      (07 marks) 

- Between 0 to 3 days; there was a gradual decrease because of imbibition, little 

hydrolysis of stored food substances like starch to simple sugars; proteins to amino 

acids; lipids to fatty acids and glycerol; which are translocated to the embryo for 

growth/respiration 

- Between 2 to 6 days; there is rapid decrease, due to much hydrolysis of stored food for 

synthesis and activation of enzymes 

- Between 6.8 to 10th day, there was gradual decrease, due to oxidation of the little food 

reserves remaining in endosperm. 

(ii) Dry mass of embryo       (06 marks) 

- Between 0 to 3.2days, the dry mass was constant; because of little or no 

translocation of soluble food substance to it 

- Between 3.2 to 8th day, there was a gradual increase because soluble food 

molecules are translocated and growth of tissues/cell division begins. 

- Between 8 to 10th day; rapid increase due to growth of foliage leaves which 

begin to photosynthesize food 

(iii) Total day mass       (05 marks) 

- Between 0 to 6th day, decrease gradually; due to respiration/oxidation of food 

in endosperm and embryo 

- Between 6 to 7th, total dry mass was almost constant/ minimum because the rate 

of respiration balances rate of growth/anabolism balances catabolism 

- Between 7 to 10th day, rapid increase is due to formation of the first foliage 

leaves which photosynthesis and formation of food. 

(b) Explain the changes in each of the following during germination of castor oil seeds.  

(i) Lipid content        (06 marks) 

- Between 0 to 4days, was constant, because castor oil stores lipids which had 

not been converted to sugar and translocated to the embryo 
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- Between 4 to 8 days, rapid decrease because lipids are converted to sugars, and 

translocated for growth of embryo 

- Between 8 to 11,6, gradual decrease due to slow conversion of lipids to sugars 

as the concentration of lipids decrease to zero 

(ii) Sugar content        (04 marks) 

 Between 0 to 3.2 days, the sugar content is constant. Only the sugars present as food 

reserve are present. There is not yet any respiratory demand for sugars and lipids have 

not yet been converted to sugars. 

 Between 3.2 to 8 days, there is a rapid in sugar content. Lipids are being converted to 

sugars in large quantities such that the rate of sugar addition outweighs its utilization 

in respiration. 

 Between 8 to 11.6 days, there is a gradual decrease in sugar content because the lipids 

are nearly depleted so that then the rate of respiration outweighs the rate of conversion 

of lipids to sugars. 

 

(iii) Total dry mass       (02 marks) 

 Between 0 to 2.4 days, total dry mass is constant because food reserves of the castor 

oil seeds are not used physiologically. 

 Between 2.4 to 6 days, there is a gradual increase because the lipids are being 

converted to sugars and translocated to the embryo for growth. 

 Between 6 to 11.6 days, there is a gradual decrease because the lipids are nearly 

depleted and the sugars are being highly utilized in the embryo for growth. At this 

time, the rate at which food is used outweighs the increase in dry mass from embryo 

growth. 

 

(c) When the respiratory quotient (RQ) of the castor oil seedling was measured on the fifth 

day the embryo was found to have an RQ of about 1.0, while the cotyledons has an RQ of 

about 0.4-0.5. Suggest an explanation for the results.   (04 marks) 

 

Respiratory quotient of 1.0 in the embryo indicates aerobic respiration of sugars 

(carbohydrates) derived from lipids since castor oil seeds have little sugar reserves. 
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Respiratory quotient between 0.4-0.5 in cotyledons implies conversion of lipids to sugar 

and oxidation of a mixture of fatty acids and sugars. 

(d) Suggest differences in change of lipids, sugar and totals dry mass of castor oil seedlings if 

they were introduced to a well illuminated environment on the sixth day. Explain each 

difference suggest.       (06 marks) 

When in light, sugars would increase more rapidly because photosynthesis would 

commence to produce more sugar. 

The lipids would decrease gradually because of presence of enough sugars for utilization 

from photosynthesis, reducing the need for sugars from lipid conversion. 

The total dry mass of the seed would show continued increase because of rapid growth of 

the embryo. 

 

SECTION B 

2. (a) Describe structural adaptations in birds which have enabled them have successful aerial life. 

- Their fore limbs are modified into wings for flight 

- Flight feathers can be rotated to allow flight 

- Well-developed pectoral girdles provide a firm base for attachment of wings 

- They possess large and well-developed pectoral muscles to move the wings during flight 

- Birds have a well streamlined body shape. This allows them to move smoothly in the air 

without much resistance. 

- They have a strong keel-shaped sternum for attachment of flight muscles. 

- They have hollow bones to reduce on their weight so as to float well in the air during flight. 

- Their wings are shaped like an aerofoil. This helps them to generate enough force to initiate 

and maintain flight. 

- Down feathers as are filthy to provide high insulation. 

- The bones of vertebral column are fused to reduce flexibility and provide a firm attachment 

for muscle. 
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- Flight feathers are large and strong to provide a large surface area for generation of force 

of flight and to resist strong air currents during flight. 

- Ability to fold the legs away during flight further streamlines their body shape and reduces 

air resistance. 

- They have prominent eyes located dorso-laterally on the head to provide a keen eye sight 

especially during landing. 

- Nictating membrane protect the eye 

 

(b) How does flight in birds differ from that in insects? 

Flight in birds Flight in insects 

 All use direct muscles. 

 Rate of wing beat per second is low 

 Air penetrates wing to reduce resistance 

 Muscles are attached on endoskeleton 

 Wing is thick, made up of bones, muscles 

and covered by feather 

 Keel extension for muscle attachment 

 

 Supply of oxygen to active muscles is 

indirect; through blood 

 Turbulence is prevented by bastard wing 

 

 Flight muscles have myoglobin 

 Some use indirect muscles 

 Rate of wing beat per second is high 

 Air does not penetrate wing 

 Muscles are attached on exoskeleton 

 Wing is thin, membranous and made of 

chitin; no feather 

 Muscles are attached to tergum and 

sternum 

 Supply of oxygen to active muscles is 

direct; through tracheal system. 

 Some insect orders have halters to prevent 

turbulence. 

 Flight muscles lack myoglobin 

 

3. (a) what is meant by natural selection?  

Natural selection is the process by which organisms that are better adapted to their 

environments survive and reproduce while the least adapted are wiped out of the 

population.  
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(b) Describe the role of each one of the following in natural selection.  

(i) Mutation  

- Mutation changes the nature of genes in an organism and causes inheritable 

variations. The altered genetic material passes over to the offspring which then inherit 

the resulting variations.  

- A selection pressure acts on these variations; organisms with more favorable 

variations survive and reproduce while the less suitably adapted organisms die and 

may be weeded out. This may lead to emergence of new strains of organisms with 

favorable variations 

(ii) Meiosis  

- During prophase I of meiosis, crossing over occurs between homologous 

chromosomes and exchange of chromosome segments occurs. This separates linked 

genes and provides a source of genetic recombination. 

- During metaphase 1 of meiosis, bivalent chromosomes are distributed randomly at 

the equatorial region and subsequently segregate independently during anaphase1. 

This leads to further mixing of genes which are then expressed in the gametes. The 

genetic rearrangement which occurs passes into the gametes and is manifested as 

phenotypic variations among the organisms of a population. 

- A selection pressure acts on these variations; organisms with more favorable 

variations survive and reproduce while the less suitably adopted organisms die and 

maybe wiped out. This may lead to emergence of new strains of organisms with 

favorable variation. 

(iii) Fertilization  

- During fertilization, genes from different parents are mixed independently in 

different combinations. This introduces variation in the genetic constitution of the 

offspring. 

- As a result of variation organisms become efficiently adapted to survive in different 

environmental conditions. 

- A selection pressure acts on these variations; organisms with more favorable 

variations survive and reproduce while those with unfavorable variations die and 

maybe weeded out. This may lead to emergency of new strains of organisms with 
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favorable variations. 

 

4. (a) Describe how each of the following tissues are related to their functions. 

(i) Parenchyma 

- Cells have thin, permeable cell walls for transport of materials. 

- Have air spaces (which are loosely packed) for gaseous exchange. 

- Have large vacuoles for food storage 

- Have organelles like chloroplasts for photosynthesis 

- Cells are approximately spherical in shape to package efficiently in small spaces in order 

to provide support to non woody parts of the plants 

(ii) Collenchyma 

- Cells are polygonal in outline with deposition of extra cellulose at the corners to provide 

mechanical support. 

- The cells also elongate parallel to the longitudinal axis of the organ in which they are 

found , providing more support 

- The tissue is living and allows for growth of the plant 

 

(iii) Sclerenchyma 

- Cells have cell walls thickened with deposits of lignin. This provides great tensile 

strength for support. 

- Have elongated fibers which are arranged into strands or sheets to provide more support 

to the plant. 

- The end walls of the cells interlock with each other increasing their combined strength. 

- Mature cells possess empty lumen for transport 

(b) In stems, mechanical tissues are found in vascular bundles, pith, cortex and pericycle 

around the periphery where they resist compression and extensions as the stems bend. 

 

In roots, mechanical tissues are arranged in a central stele where they exert a force that 

counteracts the pull of shoots which are often blown from side to side. They also resist 

compressional forces from the surrounding soil. 
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5 (a) Explain how ferns are better adapted to terrestrial life than mosses. 

(b) How does temperature influence the following processes in plants? 

(i) Plant growth. 

(ii) plant distribution. 

Solution. 

(a) Ferns are better adapted to terrestrial life than mosses because; 

 Ferns have rhizomes (horizontal underground stems) which act as organs of perennation, 

allowing the ferns to survive unfavorable climatic conditions unlike mosses. 

 Sporophytes of ferns have true roots for anchorage and transport of water and mineral salts, 

unlike mosses which have false roots (rhizoids) 

 Ferns produce, more spore than mosses. These increases their chances of reproduction and 

colonization of habitat compared to mosses. 

 Ferns have a well-developed vascular system that supplies the whole plants with water and 

food. 

 The lignified xylem offers more support to the fern. 

  Ferns have broader leaves which present a larger surface area for photosynthesis. 

 Sporophyte generation of ferns is nutritionally independent while that of the mosses 

depends on the gametophyte for nutrients. 

 Ferns have true stems to support the leaves to obtain enough light for photosynthesis. They 

also help them to withstand air currents present in the terrestrial environment. 

 Leaves of ferns have waxy cuticle to prevent desiccation. 

(b)(i) Temperature acts as a limiting factor in plant growth and development by influencing the 

rate of cell division, cell metabolism, photosynthesis, respiration, excretion etc. which 

directly impact on growth. 

 Above or below the enzyme working range, the enzymes are denatured or inactivated 

respectively. In either case the reactions cease, leading to delayed/limited plant growth. 

 Low temperatures stimulate flowering and germination in plants. 
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( ii) Temperate plants are distributed in cool regions whose temperatures do not usually exceed 

250C while plants that can withstand higher temperatures are more abundant in the tropics or 

deserts where temperatures are usually above 250C. 

 C4 plants are more abundant in hot climatic temperatures because they are more efficient 

at fixing carbon dioxide at high temperatures. On the hand C3 plants are more abundant in 

cooler environments because they fix carbon dioxide better at lower temperatures. 

 Some aquatic plants can withstand very high temperatures and can thrive in hot springs 

while some can withstand very cold temperatures thrive in snow. The biggest percentage 

thrives in moderate temperatures which can support their metabolic activities. 

6. (a) Giving examples in each case, explain what is meant by each of the following; 

(i) Saprophytes 

(ii) Chemoautotrophs. 

(b) Compare saprophytes and parasites. 

(c) Explain the importance of saprophytism to human life. 

Solution 

(a) (i) saprophytes are organisms which feed on dead/decaying organic matter. Examples 

include bacteria, fungi and protists. 

(ii) chemoautotrophs are organisms which synthesis organic matter using energy obtained from 

oxidation of inorganic materials such as ammonia. For example, nitrosomas and nitrobacter. 

 

(b) Similarities 

 Both are heterotrophic 

 Both produce large number of offspring. 

 Both have sexual and asexual phases in their reproductive cycle. 

 Both have digestive enzymes. 
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Differences 

Saprophytes Parasites 

 Derive energy from decaying organic 

matter 

 Involve a single adult stage and spores in 

life cycle. 

 Use a variety of food sources 

 Have simple method of nutrition 

 Almost totally bacteria and fungi 

 There are aerobic and anaerobic forms. 

 Derive energy from living organisms 

 

 Involve many stages in their life cycle 

 

 Are very specific to their hosts 

 Have a complex method of feeding 

 Most plant and animal groups have 

representatives 

 Most are aerobic 

 

(c). Saprophytism is important to human life in the following ways; 

 Recycling of materials by feeding on decaying organic matter, the saprophytes unlock and 

recycle nutrients which would otherwise have been lost with the dead organisms. 

 Decomposition of sewage or waste; saprophytes aid the decomposition of waste produced 

by human activities. By this the bulk of the waste is reduced and nutrients made available 

to crops. 

 Some saprophytes, especially fungi are used as food by man. 

 Physiological processes of saprophytism and as fermentation are useful in brewing and 

baking. 

 The production of yoghurt and cheese from milk also employs saprophytic mechanisms. 

 Some saprophytes are used in the production of antibiotics. 

 Industrial processes such as leather tanning and production of some vitamins make use of 

saprophytic organisms. 

 


